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A OlilNrcWIi KVAIjUATTOX of DllOORTIf'ATION 
I)un> If AVati rm\x, M D , Sm u>o\ II Domm Mil, \\t> 
AViujam K TtooniN, M 1) (m imituiom 
Knowiiu, Ti w 


T IIK fleeing of nu itnpiisoned lung to obliteiatc pusistcnt plcuml sp.t<< ami, 
more tm]ioitimt, to testoie pulmonaiy function, Jin'? long bun .. suigical 
challenge. The lust attempts by Foulei’ and by Polemic- 3 m the 1'ilU s tveit 
admittedly unsatisfactoiy as to smgicdl technique and results batei, otbelts 4 
imrtieulaily loggers, 3 ap])lied smgieal ]>iiuei]>ks to the opei 'turn tint in still 
peitincnt and inlid. AVitlumt antibiotics and the piescnt suigical sate.ru nils 
especially in anesthesia and blood ie])Iaeement, the opciatnm lcmained a most 
foimidable one. Undoi Chili chill’s* dnection in the Mcditeuancnn Thcatei 
dining the last war, Bui fold, Barker, and Samson" and othois ie-pioneued the 
field and intioduecd techniques and piodnecd lesults that hat( leuicil nitei 
est in the pi oeedin e and made it aceepted by all tlunatic smgeons 

Quite naturally the liist pioblem attacked be Vow lei and bj Delouuo "as 
empyema. Pleural infection continued to be tlie piedominaiit challenge 
tillougli the Fust AVmld AVai and in fact, until the Second The dangeis of a 
peisistent plouial inieetion ueie "ell locogniaed Obliteiation of the space In 
laiious types ot thoiacoplasty, while accomplishing this end, left much to In 
desiiod. Uecoi tication was ai>plied in an attempt to obtain a more satistae 
toiy smgieal answei, piimaiily «itli the object in mind of obliteiatmg pltui.il 
space. 

The other piessmg pioblem "as hemothoias, particulaily biouglit to the 
foie because of the laige mimbei of chest, "ounds of the past uai The con¬ 
cept of restoiing a lung to function actually, "as initiated timing this peiiod 
when it "as demonstrated that deeoitieation would peimit the inpued soldiei 


From the Departments ot Surccry of the Fort Sanders Presbyterian Hospital and the 
Bast Tennessee Tuberculosis Hospital Knox\IlIc Tenn 

Head at the Thirty-sixth Annual Meetlnc ot The Cmcncan Association tor Thoracic 
Surgerj at Miami Beach Fla,, May 7 to 9, 195b v *" 
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to return to duty in a high percentage of instances. The technique was immedi¬ 
ately applied widely in civilian practice as well, with comparable good results. 
Infection became less and less of a problem, though not infrequently complicat¬ 
ing the hemothorax. 

This was the era of pneumothorax therapy. Pneumothorax was theoreti¬ 
cally and, in most cases practically, a reversible procedure. In too many, how¬ 
ever, it was not, and space either persisted or “false re-expansion” resulted. 
In the first instance, decortication was seized upon as the solution to the prob¬ 
lem, first by Mulvihill and Klopstoek,® and then by many others. The results 
were most gratifying, with satisfactory obliteration of the space. Selective 
decortication,® leaving a plaque of peel over the area of disease, was used to 
render the danger of reactivation of foci less likely. Residual tuberculous dis¬ 
ease in the lung at this time was rarely resected. 

MATERIAL 

In the past eleven years, the authors have had an experience with 172 cases 
in which pulmonary decortication was performed either as a primary or a second¬ 
ary procedure. Eighty-five per cent of these have been performed in the past 
six years. Of the 172 eases, 140 were operated upon by the authors, and 32 
by other staff members of the East Tennessee Tuberculosis Hospital. It is 
the purpose of this report to analyze this group of cases as to the type 
''of operative procedure performed, the indications for such procedures, the 
amplications encountered, the mortality occurring, and the results obtained. 
Jlinical evaluation in all cases, and pulmonary function studies, including 
bronchospirometry in a selected group, have been used to assay the results. 

OPERATIVE PROCEDURES 

The types of operative procedures performed in the 172 cases are listed in 
Table I. Simple decortication alone was performed in 70 cases. Lobectomy 
was combined with decortication in 49, and segmental resection in 38. In¬ 
cluded in this last figure are both dissection segmental resections and wedge 
procedures, giving a total of 87 patients in which pulmonary tissue was extir¬ 
pated in conjunction with the decortication. Thoracoplasty was done in 10 
patients having decoidication, 8 of these being performed in connection with a 
relaxing thoracoplasty following resection. In such cases the pleural space 
was entered, the underlying lung decorticated, and the thorax tailored to fit 
the remaining space. The other 2 cases were in conjunction with Schede thora¬ 
coplasty done for long-standing empyema. 

Table I. Operative Procedures 
172 Cases 


Decortication alone 70 

with. lobeetomj r 49 

with segmental resection 3S 

with thoracoplasty 10 

with diaphragmatic herniorrhaphy 3 

with plication of diaphragm 2 


\ t tumc 13 
Si/fnlwr J 


CLINICAL KVA LI VTION OF DECORTICATION 
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A diaphragmatic hernia was repaired iu 3 eases, the decortication being 
a primary procedure and tlie hernia an incidental finding in one patient, and the 
reverso in the other 2. 

In 2 eases of a high diaphragm, resulting from previous phrenic interrup¬ 
tion remaining permanent rather than temporary, plication was performed to 
restore the diaphragm to a normal level and to permit the lung to expand in 
an adequate spare. It was of interest that in both of these patients a markedly 
attenuated diaphragm, apparently showing no function whatsoever on fluor¬ 
oscopy preoperatively, was restored to a limited excursion following the plien- 
tion procedure. 

INDICATIONS 

Tt has been our feeling that the indications for decortication are far wider 
than the three already enumerated of empyema, hemothorax, and uncxpandablc 
pneumothorax lung with persistent space. Essentially, of course, the basic in¬ 
dication is an imprisoned lung which can lie expanded either to restore func¬ 
tion and/or to obliterate pleural space if such remains. We have grouped the 
disease conditions indicating decortication in three categories—tuberculous, noil- 
tuberculous, and malignant. 


T.vm.r IT. Indications —Tull!I'.cis.ou.s 
115 Casi-s 


rmvc|M!i<ln)»lo pneumothorax lung 


.IP 

Unilateral-—’with space 

30 


Unilateral—with hemorrhage into spare 

o 


Bilateral—with pjmc© 

o 


Unilateral'—without space 

5 


("raise re expansion") 

Restricted lobe(s) limiting expansion at resection 


55 

with expanded pneumothorax 
with “fnKo re expansion" 

12 


G 


without previous pneumothorax 

37 


Restricted lolio nt thoracoplasty for postresection 

residual space 


8 

Tuberculous effusion 


6 

Tuberculous empyema 


7 

with bronchopleural fistula 

5 


without bronchopleural fistula 

2 



Tuberculous Disease —Tabic II lists the indications for decortication in 
tuberculous disease in our 115 cases. In unexpandahle pneumothorax lung, the 
results have been most gratifying. Thirty-nine patients in our series had pre¬ 
vious pneumothorax, 30 having the classical indication of Unilateral unexpand- 
ablc lung with persistent pleural space. Two of these had hemorrhage into the 
space which remained sterile, and essentially had their procedures done as 
emergencies because of exsanguination. 

Tw'o patients had unexpandahle lung on both sides. One of these was so 
short of breath that ho was unable to go to the bathroom without assistance. 








\ I II c t J 

X I* I 


CI.IMCU, ! HU ITIOJ. or IIFCOIMICVIION 


After <ltioituation of one suit hi became .nnliulatoij and, aftci Hie second 
decortication, lie lotuincd to full nitiuti of s( tenuous diameter This patient 
Mas a 28 ic.ir old white in in ulio had pneuniothoia\ on the left side fiom March 
1141 until dieoitnation on Xo\ 14 Hil, and pnetimothoiax on the light fiom 
Match, H30, until deimtication and icsection of the posteuot segment of the 
light uppci lohe and a wedge itseetion of a small poition of the antcnoi 
siginont on Match IS, 1153 IIis pie and postopeiatne x-iais aic shoini m 
l’lg 1 

So tailed “false ic (sponsion’’ Mas a not uncommon oeiuucncc m pncnino 
tlioiav uisis The pitsdite of a pal pic tented the k expansion of tin lung 
and the space Mas ohlitdated lit slntt of the inediastimiin, cletation and fixn 
(ion of the diaphiagm, and unit met ion ot the (host Mall ruin (ton Mas sin 
imsh impamd Til each ease m this (ategon suhtutul to opeiation tin eondi 
turn has pioud ritusible to an a]ipi(Ciahle extent in spite of its peisistiuee foi 
a liumhei of \eais Biniuhospiiometiie dita giien lata, lmtc eniioboiatod 
this im])ression The atuage dui at ion of “false id expansion” in oui senes has 
been foui and one half .teals the longest being seten teal's 

The hugest single gioup m om sines is that of a lesfiiclcd lohe or lohes 
limiting expansion at icsution 1'iflt-fltc cases hat( fallen into tins < itegort 
12 of the patients hating had pictious expanded pncumothoinx with lesidual 
peel lestiictmg the lung, G “false ic expansion,” and 37 no histoit of pneumo 
tlioiax In the lattoi, the peel iins (neounteicd at suigett and mss often unsus 
puled In mam ol the tesoition eases deeoitication tins of comic a secandan 
pioidime It is a laidinil puneiple that ohlitciation ot lesidual plcuial spaio 
folloMing Ksution should tak( plan as (pttekh as possible Obuoush a 10 
sti li ted lohe cannot do this 

When pletnal span has peisisteil aftoi leseition and t hoi neoplasty has been 
mdnatid, mo hate found that deemtnation of the imdulung lung ficqucntli 
lidueis tin amount of thoiaioplnsts incessin 

Tithuinloits effusion mat icsiilt in ninkid eonstnetioii and infolding of 
the lung on the nfleited sidi, ttitli fixation and Joss of function of the dinpliiagm 
1)(coituniton can (oneet this situation Six of om cases fall into this gioup 
Tuheiudous cmptcina, eitliei tilth oi Mithout bionchoploural fistula, is ad 
liiittedh mine laic than lieictofoie We hate had seicn instances, 5 tilth fistula 
and 2 Mithout, m tihieh ehcoitieation lias been done Such decortications aio 
nunc difficult, as time mat he no satisfactoiv line of cleat age between the 
uscoial pleuia and the peel The closmcof the hionclioplcmalfistula frequentlj 
lesults if the space can he ohliteiated piomptlv 

Xont liberations Disease —Tlie conditions foi which decoitication Mas pel 
formed in the nontubciculous gioup arc given in Table III 

Hemothorax cannot aliiats he managed hi aspiration and by enzymatic 
debndement Of the 21 eases in om senes, 17 ncie tiaumatic, 3 spontaneous, 
and one postoperatn e Three of the tiaumatic patients had a thick calcified 
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plaque restricting' the lung following gunshot wounds fourteen, nineteen, and 
twenty-two years before. In each instance the lung was found to be readily 
expansile following the removal of the plaque. 


Table III. Indication's—Nontuberculous 
47 Cases 


Hemothorax 


21 

traumatic 

14 


spontaneous 

3 


calcified 

3 


postoperative 

3 


Chronic empyema 


4 

Chronic empyema with calcification 


2 

Empyema following resection 


4 

Empyema following ruptured lung abscess 


2 

Spontaneous pneumothorax 


7 

Bronchiectasis 


3 

Bullous emphysema 


1 

Partial agenesis of lung 


1 

Diaphragmatic hernia 


1 

Chylothorax 


1 


It is of particular interest that the patient in whom the calcified plaque was 
present for twenty-two years also had an unsuspected tumor encountered at 
operation. The presence of the bronchogenic carcinoma was completely masked 
by the heavy plate of calcium. 

Chronic empyema is becoming considerably less common with the lowered 
. incidence of acute empyema and the better handling of cases by thoracic sur¬ 
geons. Four in our series fell into this category. Two had long-standing 
empyema with a calcified plaque that had to be removed to permit expansion 
of the underlying lung. In 4 patients, the empyema followed resection and, in two 
instances, ruptured lung abscess. 

A peel can form rather rapidly if spontaneous pneumothorax persists, par- 
ticularly in the presence of fluid. Seven patients in our series required decortica¬ 
tion when other methods of expanding the pneumothorax were ineffective. In 
three instances of resection for bronchiectasis, a peel was encountered over non- 
reseeted areas that prevented adequate re-expansion. The same was true in 
one case of bullous emphysema. In the case of partial agenesis of the lung, a 
thick fibrous peel covered the entire remaining lung tissue. The middle lobe 
consisted only of a broncliiectatic nubbin which was resected. A peel was also 
encoiuitered in 3 patients with diaphragmatic hernia, evidently due to inflam¬ 
matory reaction around the sac. It was necessary to free the lung to restore an¬ 
atomic relationship. In the case of chylothorax, a lymphoma had eroded the 
thoracic duct. At exploration a thick peel was encountered. 

Malignant Disease .—Table IV lists the 10 cases of malignancy for which 
decortication was performed. The first of these was done in 1945 for uncon¬ 
trollable pleural effusion due to metastatic malignancy. Obliteration of the 
space and control of the fluid resulted. In the other 4 similar cases, the same 
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clinical evaluation of decortication 


Taiim: IV. Indicationr—Malignant 
10 Casks 

Uncontroltnblc pleural effusion HPconclnry to uietnMntic mnlignnncy u 

Restricted lobc(p) peconrinry to hroncliog< > mt» rnrnnonm _5 


result was obtained. We would not imply that decortication should bo the pro¬ 
cedure or choice in all eases of malignant effusion, Routinely we do pleural bi¬ 
opsy now on all eases of effusion in which the diagnosis has not been established. 
However, when intrapleural nitrogen mustard and intrapleural isotopes have 
bet'n ineffective, we have been able by decortication to obliterate the pleural 
space and obviate the necessity for frequent repeated thoracenteses. 

In i> patients, a peel lias been encountered on exploration for bronchogenic 
carcinoma. In 2 eases, lobectomy was done electivelv because of low pulmonary 
reserve, the remaining lobe or lobes being decorticated to fill the space. In the 
other three instances, a peel was encountered and decortication done of necessity 
to permit, further exploration before inoperability was determined. Needless to 
say, such a condition is not an indication for decortication in itself. 

stjnmcAi, TixttNtqui-: 

Although it is beyond the scope of this paper to describe the operative tech¬ 
nique in detail, it is pertinent to enumerate certain surgical maneuvers which 
we feet are important in preserving and restoring pulmonary function, and 
which would aid in the interpretation of the complications, the mortality, and 
the results given in this paper. 

In our hands an intercostal incision lias been the most satisfactory and has 
been used in practically all cases. AVe believe that more satisfactory closure can 
be obtained, Hint less postoperative pain occurs, and that hotter ciicst wall func¬ 
tion results. 

Removal of the parietal pleura as well as the visceral peel is always done if 
sufficient, parietal pachypleuritis is present to interfere with return of chest wall 
motion. 

The diaphragm is mobilized to its origin and decorticated, if possible, to 
permit maximum return of excursion. 

All adhesions are freed, fissures developed, and infolding of the lung cor¬ 
rected by removal of overlying webs of peel. 

The phrenic nerve must obviously not. lie injured in the decortication of the 
mediastinum. 

To prevent prolapse, the lung is tacked into optimal position with several 
catgut sutures, usually at the apex and often at the fissures, before closing 
the chest. Especially important where raw surfaces are present is the tacking 
down of the edge of the lower lobe to the diaphragm in the costophrenie sulcus 
to interpose lung tissue between the surfaces of the diaphragm and the chest 
wall so that the sulcus will not become obliterated and the pistonlike action of 
the diaphragm impaired. 

Air leaks should be avoided or closed insofar as possible so that, maximum 
prompt, re-expansion of the lung can bo achieved.' Adequate active suction, 
with replacement of drainage tubes if necesary, is of extreme importance. 
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Selective breathing exercises, begun prior to operation and continued vig¬ 
orously postoperativelv, even for several months, can do much to restore normal 
chest wall expansion on the operated side. 

It is obvious that a good final functional result must depend greatly upon 
the technical success of the surgical procedure. 

COM PLICATIONS 

Twenty-five complications were encountered in the 172 operated cases. 
Twelve of these occurred in patients with concomitant pulmonary resection, as 
shown in Table V. Of these 87 eases, 6 had persistent pleural space requiring 
the insertion of additional tubes before such space was obliterated. Empyema 
with bronchopleural fistula resulted in 5 cases. It should be pointed out that 
these complications were essentially those of the resection and not of the decorti¬ 
cation. The same can be said for the tuberculous spread that occurred in the 
other additional case. This was in a patient undergoing resection under thoraco¬ 
plasty. 

Table V. Complications 
87 Cases 


decortication with resection 

Persistent pleural space 

6 

Empyema and bronchopleural fistula 

5 

Tuberculous spread 

1 

Total 

12 (13.8%) 


The other thirteen complications were found in the 85 cases in which no 
resection Avas combined Avith the decortication. These are listed in Table VI. 
There were two persistent air leaks necessitating reinsertion of tubes. Tavo pa¬ 
tients had empyema Avithout demonstrable fistula, both being handled without 
surgical intervention. 

Table VT. Complications 
85 Cases 


decortication avitiioot resection 

Persistent air leak 

2 

Empyema without apparent fistula 

2 

Postoperative hemorrhage 

o 

Subcutaneous emphysema, severe 

2 

Phrenic nerve injury 

O 

Persistent pleural space 

1 

Chest wall tuberculosis 

1 

Tear of superior vena cava 

1 

Total 

13 (15.3%) 


Serious postoperative hemorrhage occurred in 2 patients. One, not in our 
oAvn series, had considerable disease in the underlying lung so that space 
obliteration was not achieved. Hemorrhage into the space Avas uncon¬ 
trolled and death resulted. In the other instance, a thick calcified peel pres¬ 
ent fourteen years had been removed Avitli some difficulty. Re-exploration of 
the patient to control the bleeding Avas necessary. Taau> patients had severe sub¬ 
cutaneous emphysema requiring superficial skin incisions. 
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CLIXIt'AL KVAI.VATIOX 01' DECOJITJCATION 
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Another complication was that of an inadvertent permanent injury to the 
phrenic nerve in decorticating the mediastinum. This also occurred in a second 
patient, hut end-to-end anastomosis of the nerve was successful and diaphrag¬ 
matic function resulted. 

One pleural space persisted at the apex; a small thoracoplasty was neces¬ 
sary. Chest wall tuberculosis resulted after decortication in a previously un¬ 
suspected tuberculous empyema with routine negative cultures. One of the 
other fatalities of the series resulted from a tear of the superior vena cava in 
removing an extremely thick peel. 

The eases of hemorrhage and the permanent phrenic paralysis were the 
only serious complications of this group. 

The incidence of complications was 13.S per cent in the cases of resection 
with decortication, and 15.3 per cent in the rest of the series. 

MORTALITY 

There were four deaths, giving a mortality of 2.1! per cent, in the 172 cases 
listed in Table Y1T. The ease of operative hemorrhage was the tear of the su¬ 
perior vena cava mentioned under “Complications.” The postoperative hemor¬ 
rhage, also described under “Complications,” was in the ease of bilateral unex- 
pandahle pneumothorax in which decortication was unsuccessful because of 
severe underlying disease, and hemorrhage could not be satisfactorily controlled. 

The other two deaths resulting from pulmonary insufficiency were salvage 
eases having extremely poor over-all pulmonary function tests prior to surgery. 
They represent poor operative selection of patients. 


Taih.k vit. Mortality 
17- Casks 


OjMtrutiv<» hemorrhage 

1 

Postoperative hemorrhage 

1 

Pulmonary immlliciency 

o 

Total 

•4 (2.3%) 


CLINICAL RESULTS 

The results of the 139 cases in whom adequate follow-up was obtained are 
shown in Table VIII. The criteria by which the patients were classified wore 
both subjective and objective. The great majority of the patients reported that 
they wore able to breathe much better following the procedure than before. They 
also reported that their exercise tolerance was greater. 

The patients were also evaluated as to whether they were incapacitated be¬ 
fore and able to return to full activity after the decortication. At physical 
examination particular attention was paid to the quality of the breath sounds, 


Table tail. Clinical Results 
130 Cases (with adequate kollow-up) 



GOOD | 

FAIR 

| POOR 

Decortication without resection 

50 

12 

7 

Decortication with resection 

58 

8 

4 

Total 

10S (77.7%) 

20 (14.4%) 

.11 (7.9%) 
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and their intensification on deep breathing. The extent to which motion of the 
chest wall returned was noted, as well as the widening of contracted interspaces 
and the correction of scoliosis. X-ray and fluoroscopy revealed whether the 
costophrenic angles were satisfactory and whether the excursion of the dia¬ 
phragm was adequate. 

On the basis of these studies, the results were classed as good, fair, or poor. 
Fifty of the cases in which decortication alone or decortication plus some pro¬ 
cedure other than resection was done were classed as a good result, 12 as a fair 
result, and 7 as a poor result. Four of these poor results were the eases reported 
under “Mortality.” Another was a decortication for metastatic malignancy in 
which a small empyema persisted. 

Pre op Post op (9 mos.) 



Vital Capacity 2 l. Vital Capacity 2.5 l. 

Right 96% Left 4% Right 75% Left 25% 

Oxygen Uptake 220 cc/min. Oxygen Uptake 375 cc/min. 

Right 91% Left 9% Right 60% Left 40% 


Pig 3—Case R P, a 39-year-old vlute woman. Preoperatne and postoperative bion- 

cliospirometric tracings and data 

Fifty-eight of the patients having a decortication plus a resection were 
classed as good, 8 as fair, and 4 as poor. 

Of the 139 cases followed up, 108 or 77.7 per cent had a good result, 20 
or 14.4 per cent a fair result, and 11 or 7.9 per cent a bad result,. 

Pulmonary Function Study Data .—Although the subject of this paper is 
the clinical evaluation of pulmonary decortication, the corroborative value of 
pulmonary function studies is assumed on the basis of the work of Wright, 10 
Patton, Watson and Gaensler 11 and others. When feasible, we have done over- 
all ventilatory pulmonary function and bronchospirometric studies pre- and 
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postoperative!}'. Seven such eases, all tuberculous, having technically satisfac¬ 
tory tracings are presented. Five of these fall into the so-called “false re-ex¬ 
pansion group in which we are particularly interested. 

The results show significant improvement by the operated side in every 
category, that is. resting ventilation, vital capacity, oxygen uptake, and ventila¬ 
tory equivalent. 

Two cases are presented for illustration. 

CASE REPORTS 

Cask JJ. P.—A 39-year-old white woman. Pulmonary tuberculosis. moderately advanced 
(small cavity LUL). Pneumothorax, left, three year-, with “false re-expansion" for four 
years. Phrenemphraxis, left, regenerated. 


PRE OP 


Post op (25 uos.) 



Vital Capacity 2.4 l. 
Right 17% Left 83% 

Oxygen Uptake 210 cc/mih 
Right 19% Left 81% 



Vital Capacity 2.4 l. 
Right 34% Left 66% 

Oxygen Uptake 290 cc/min 
Ri ght 52 % Left 48% 


Fig. 5.— Case h. C., a 30-year-old white man. Preoperative and postoperative broncho- 

spirometric tracings and data. 

Operation: Pulmonary decortication, left. Fig. 2 shows the pre- and postoperative 
x-rays, and Fig. 3 the pre- and postoperative bronchospirometric tracings and data. 

Comment: There was significant increase in ventilation and oxygen uptake on both 
side=, relatively greater on operated side, following decortication. It is of interest that 
vital capacity and maximum breathing capacity are both 91 per cent of estimated normal 
one year postoperative! 

^ Gxsr. H. c.—A 30-year-old white man. Pulmonary tuberculosis moderately advanced 
■ mall entity Til.!>;. Pneumothorax, right, three and one-half rears with effusion and ‘‘false 
rc-fxpariMori for two and one-half years. 
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Optra/ton Piilinonun decortication right, pltn i\ulgo reaction nodule right upper 
loin, po*»ttnoi **tgnunt I In prt nnd 11 *d«>per itno x m\ * nri *dioun m 1'ig •!, uul the bron 
cho^piromctric tracings nnd data in 1 ig "» 

Common/ Iliiro was nlitnc men im m until ition on operated side, and o\crall 
in<rei*u> hi rmgui upt ih< with rditiuh grt it< r turn w on opiritcd suit , following ilecortica 
turn 


SUMM \K\ 

1 A senes ot 172 cases of pnlmoiiin deemIuntion is pusciited Setenft 
patients liul dccoi deal ion alone, S7 dceoilie ltion with lcsection, 10 with tlionco 
plastt, 3 with diaphiagiiintie hennonhipht, and 2 with plication of the dia 
pliiagm 

2 The disease conditions indicatin': dec oil nation in tnbeicnlosis included 
linexpandable pneiimothoiax lung, cilhei with ot without spue Blot on cases 
of “false ip expansion’ nic of pailniilat intctest Rehabilitation In docottiea 
tion of a case ot hilatei ll nnexpandahle Inn*: is pit suited The hugest gioup 
opeiated upon was composed of those with a ustluted lobe oi lobes limiting 
expansion at lcsection A limited nnmhci of rcstncted lobes found at thoraco 
plastt wuc also dccoiticatcd Tulici( ulous effusion and tubpiculous entptema 
weto additional indications 

3 In nontiibcrciilons disease, hemothoiax, utlici tiaumatie, spontaneous, 
ot postopeiatne, was a fioqiicnt indication The ])icsencc of calcium in the 
otgaui/od hemothoiax is not a contiamdic it ion Tlnee such cases ate repotted 
of fourteen, nineteen, and Iwentt two xeais’ duration Chronic emptema, with 
oi without calcification, and cinpxcina following lcsection oi lung abscess, mdi 
cated dccoitnation m a nunibci of cases in the scucs Additional eases of spoil 
taneons ]meiiinothorax, hioncluectasis, liullous emphtsoma, paitial agenesis of 
tho lung, diaphiagmatic henna, and chilothoiax aic cmimciatcd 

-1 Malignant indications wpic found wheic plcmal effusion was uncontiolla 
blc oi peel pietcalcd the expansion of the icmaining lobes following electnc 
lobatomt m bronchogenic can mourn 

7 ’ll io incidence ot compile it ions was 13 S pci cent ill the cases in which 
dccoilication was combined with lesection, and 15 3 pet cent m eases without 
lcsection 

G Theie weic fom de itlis m tho scucs, one ftom opeiatite hemonhage, 
one fiom poslopeiatiie hemonhage, and two ftom pulmonary insufficiency 

7 One bundled and tintty-nine cases with adequate follow-up wane evnlu 
atecl as to lesults feet elite seten and seten tenths pei cent had good lesults, 
14-1 pei cent iau lesults, and 7 9 pei cent, pooi lesults Deaths were included 
m the pool l esults 

8 Bionehospnometnc studies giting tcchmcalb satisfaetoij turnings on 
a group of 7 tubeiculous p itients, 7 falling into the gioup of “false re expan 
sion,” are piesented Significant linpiotement was shown bj the opeiated 
side m lesting t entil itioii, tital capaeitj, oxjgen uptake, and tentilatory 
eqmt alent 
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CONCLUSION,S 


3. Decortication can lie applied widely in a number of conditions, tubercu¬ 
lous, nonlubcrculous, or malignant, stemming from imprisoned lung eillier wilh 
or without, a pleural space. Mortality and complication rates arc acceptable. 

2. “False re-expansion” of a lung following pneumothorax is a valid indi¬ 
cation for decortication, as in intractable malignant effusion. 

3. The final results of decortication depend not upon the disease for which 
decorticalion was done, but upon the two factors of the functioning potential of 
the underlying imprisoned lung, and the technical success of Ihe surgical 
procedure. 


Tho cooperation given by J)r. Perry AT. ifnggin, Ateilicul Director, and Dr. Ohnrles 
L. Butler, Pathologist, of the East. Tennessee Tuberculosis Hospital is gratefully acknowl¬ 
edged. 
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Discussion 

DR. ALLAN STRANAHAN, Albany, N. Y.—We too have been interested in pulmo¬ 
nary function studies before and after decortication. I would like to present one case 
which illustrates the value of preoperativc bronehograms in deciding whether or not one 
should do a resection with a decortication. 

(slide) This 00-year-old white man’s present illness began in 1010 when lie had pneu¬ 
monia followed by an empyema on the left. At that time the left pleural cavity was 
drained and bismuth paste was instilled in the pleural space at the time of drainage. Ho 
gradually regained his stamina and was apparently well until 1050 when lie again had 
symptoms of sepsis, chills and fever, night sweats, increased shortness of breath, with 
cough productive of large amounts of thick yellow sputum. The left pleural cavity was 
tapped and Staphylococcus aureus was obtained in culture. 

(slide) A bronebogram was made to identify the extent of pulmonary disease and 
thiH showed fairly complete tilling of the smaller branch bronchi of the upper lobe with 
rattier marked distortion and contraction of the lower lobe segments. These findings 
indicate pleural parenchymal fibrosis with scarring of the lung, and under ordinary cir¬ 
cumstances are an indication for pulmonary resection in conjunction with decortication. 
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(slide) Tito |i«or pulmonarv function studies and tlio patient's history of dyspnea 
indicated tlmt lie "as n severe cardiopulmonary cripple The maximum breathing capacity 
was only 37 L per minute. The lung \olume studies shotted a high residual air, indicating 
coiiMdernhlo trapping of air and probable irreversible pulmonary emphysema The bron 
ehospirometry show id a poorh functioning left lung with some discrepant} of oxvgtn 
consumption and diminished ventilation Atcordingh, it "ns felt that the operation of 
choice in this particular patient should be that of decortication alone, rather than dc 
cortication and pulinonnrv resection, n cognizing the fact that we "ould be leaving re 
siduul pulmonary disease. 

(slide) Decortication "as done, and this slide shows the bismuth paste "Inch had 
been in the pleural cavity for fori} tears and nl« > the cortieal peel "Inch was removed 

(slide) The postoperative result "as not dramatic However, the infection was re 
moved nml the upper lobe following decortication expanded quite well There were 
multiple smalt bronchial fistulas arising m the superior segment of the lower lobe winch 
were sintplv closed with fine catgut The patient was discharged from the hospital with 
out complications nml at the present time ih doing well 

(slide) The postoperative} pulmonnr} function studio- showed n slight increase in 
tho maximum breathing eapicitv. The residual volume decreased a slight amount There 
was some improvement in the oxygen comsumpliou and ventilation of the left lung We 
did not, however, feci that this helped tins pnticut a great final from the standpoint of 
pulmonary function. 

There is one other point T would like to make which Dr Waterman onlv bncflv 
mentioned, that is the ease of decorticating n lung in a patient who develops m einpvema 
following pneumothornx, either therapeutic or spontaneous In our experience, these 
lungs nro nther easy to decortieite m contradistinction to those in patients whose empv 
enm develops primarily without preceding pneumothorax This latter type of puticnt 
ustinlh has a severe degree of pleurjpnrcnthymal scarring which makes decortication 
difficult if not impossible However, if the onset is that of a primnrv tuberculosis or non 
tuberculosis empv emu then, with the plcuropnrenchv mal fibrosis that is present, decorti 
cation is very difficult 

Dlt JOHN S CHAMBERS, San Diego, Calif—I enjoyed Dr Waterman's paper 
very much and wish to direct the following rein irks to his comments about decortication 
for neoplastic pleural effusion In patients with pleural effusion, secondary to neoplasm 
both prinian in the lung and metastatic, intercostal intubation and instillation of a sus 
pension of talcum powder has been used with the idea of producing an obliterative pleu* 
ntis and obviating frequent chest taps In 120 of 2‘ patients no further thoracontescs 
were neeessarj. 

I believe these results arc superior to those obtained with radioactive gold and that 
this procedure would make decortication for palliation uunccessarj in neoplastic efTusion 

DR GABRIEL SELBY, New York, X. Y.—This is a tuncl} subject and I want to 
thank Dr. Waterman for reintroducing it I would like to stress the use of decortication 
in acuto and subacute empyemas We have seen an increasing number of acute empyemas 
duo to resistant strains of microorganisms, e-pecinlh hemohtic Staphylocotcus aureus 
W r o ns chest surgeons are usual!} not consulted until after our medical colleagues have 
already used multiple aspirations and the conventional antibiotics have failed, due to 
loculations present in the lobar distribution of the empyema, or bacterial resistance to 
the drugs employed. 

I am not talking about infected pleural fluid, but am trying to discuss a ty pi cal 
purulent pleuntis, a real empyema with pus At this stage, enzymatic decortication is 
usually ineffective Simple drainage may and often will result in chronic empyema, 
whereas a properl} conducted decortication will prevent chronic empjema and restore 
lung 1 unction more rapidlv and effcctivcty. At the time of operation, one must pay par 
titular attention to all the loculations, espccialty those beneath the lung and between the 
lobes With the liberal use of blood transfusions and property tested wide spectrum 
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antibiotics, complete decortication can be performed safely even in the extremely sick 
and toxic patient and, in fact, can be lifesaving. In addition, pulmonary foci, if present, 
can also be handled at the same time. Multiple tube suction should be instituted and 
continued for a long period, postoperatively. 

A number of recent patients including adults and children treated in this manner 
have had complete and rapid restitution of normal anatomy and physiology. 

DR. R. LEONARD KEMLER, Hartford, Conn.—First, I should like to commend Dr. 
Waterman for the excellent presentation of a very interesting subject. There was one line 
in ono of the slides which interested me greatly; I believe it stated that he had used 
decortication for malignant pleural effusions in 5 cases. We have had experience in one 
case in which a patient came to us with a pleural effusion which contained malignant cells 
on several occasions; despite repeated tappings the effusion would recur every ten days. 
The patient was given x-raj r therapj', radioactive gold and nitrogen mustard, and the 
pleural effusion continued to reaceumulate at a very rapid rate. The man was 55 years 
of age and in desperation. In order to make his remaining days as comfortable as pos¬ 
sible, we attempted a decortication. To our surprise we were able quite easily to de¬ 
corticate the lung, the pleural of which contained multiple tumor nodules. The parietal 
pleural surface was removed quite easily also. The patient lived for a year and one half 
afterward with no further tapping and with a very comfortable existence. I would like 
to hear Dr. Waterman’s comments on the 5 cases in which he tried it. 

DR. WILLIAM K. ROGERS, Knoxville, Tenn.—I would like to show one case of bi¬ 
lateral pneumothorax in which the lung was decorticated because of failure of re-expansion on 
both sides. 

(slide) This is the x-ray at the time we saw the patient. He was unable to get out of 
bed to go to the bathroom by himself because he was so short of breath. The left side 
was attacked first. 

(slide) This shows the peel that was removed on the left side. 

(slide) This is the postoperative film after the left side had been decorticated. 

(slide) This is the peel subsequently removed on the right. 

(slide) This is the final film. 

After the bilateral procedures had been carried out this individual was rehabilitated 
considerably. He now carries on one of the most strenuous occupations in eastern Ten¬ 
nessee, that of a Baptist preacher. 

I would like to elaborate on one other point. As Dr. Waterman said, the purpose of 
decortication is twofold; to restore function and to obliterate pleural space. In going 
over one’s cases, one may think he has had a poor result because the x-rays do not look 
good, or perhaps because the diaphragm does not move quite as well as he might wish. 
However, one must take into account what he wished tot accomplish in the first place. It 
may not be necessary to have a perfect-looking x-ray; it may not be necessary to have 
a normally functioning diaphragm. If the patient is rehabilitated and if the pleural 
space has been closed and infection has been controlled, then decortication is certainly a 
very worth-while procedure regardless of the appearance of the x-ray. 

DR. PAUL C. SAMSON, Lafayette, Calif.—I want to thank Dr. Waterman for re¬ 
opening this subject. It became rather passe after the war and yet, as you can see, the 
indications have everwidened and I think it is worth while to reconsider them again. 
Likewise, I would like to thank him for his kind remarks toward your recorder. 

I have two observations to make. The first is in relation to the use of some type 
of decortication in malignant disease. We have had a brief experience with this and I 
recall in particular 2 young children who had malignant disease and uncontrollable fluid to 
tho extent that they were being aspirated every third or fourth day, as Dr. Ivemler’s 
patient was. Each had had x-ray therapy without success and, in each, a combination of 
decortication and parietal pleurectomy enabled the lung to re-expand; no further thora¬ 
centeses were necessary. Of course both youngsters died of their malignant disease but 
uring the number of months that they lived they did not have to be aspirated. 
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I would tnKo issue with Dr Waterman on one point. He mentioned tlmt there is no 
peel on the parietal pleura, if I heard correctlv. I would remind you that there is a peel 
on the parietal pleura and. while the parietal pleura may thicken an infinitesimal amount, 
still and all we cun decorticate the parietal peel and do so \ory frequently* I will agree, 
however, that in older and more chrome disease, technically it is much easier to do a 
pleurectomy than it ih to do decortication on the parietal side and therefore I agree niso 
far ns he snys pleurectomy is a preferable procedure. Hut there is a peel on the pnnctnl 
phural side, ns one enn toll if he examines these specimens carefully under the microscope 

Thank you very much It was a good paper. 

HIl. JAMB*? H DA1U1Y, Houston, T< xas—I merclv wish to mention briefly that 
for quite u ftw years, in dealing with patients with nnnresectnble nonmnliginnt lesions and 
especially* with those having associated pleural eirusion, I have made it a habit to perform 
a parietal pleurectomy almost routinely with very* gratifying results The necessity for 
reptnted aspiration stops with re expansion and pleural s\mphysm and oxen more gratifying 
is the fact that theM pleurectomired patients remain much more comfortable with respect 
to pain In ottlx -very few eases htixe I taken the trouble to dtcorticate the xi«cer*il 
pleurn Parietal pleurcctoinx seems to suflice 

DR A. R VAhUl, Detroit, Mich—I would like to congratulate Dr. Waterman on 
this excellent presentation and Ins good results Howecer, I thoroughly ngrcc with Dr 
Samson that both the visceral and parietal peels should bo removed. I feel that it is 
very important to remove the parietal peel because it is almost nlwavs the thicker and it 
immobili7es tho rib euge and dinphragin, thus lnttrferiug with pulmonary function Also, 
I think it is important to start active pliyxicnl therapy soon after surgery since it aids 
in restoring the rib cage and lung to normal function In our senes of 27S non tuberculous 
patients, wo obtained 91 per cent good results, 5 per cent fair results, and 4 per cent poor 
results. I must mention, however, that the majority of the patients m our senes were 
young soldiers wounded in the Korean War, which no doubt influenced our results 

DR RICHARD H. MEADB, Grand Rapids, Mich—I was particulnrh interested in 
tho uso of this procedure in mnhgnnnt disease It seems quite logical that if vou do a 
decortication and remove the parietal pleura, you will open up ninny channels of absorp 
tion. I should like to know what happens in cases where vou do not do that About 
eight months ago, I operated oil a patient who had pleural elTusion We could not make 
a defimto diagnosis of the source of it At operation I found that she had an inoperable 
carcinoma of the lung All I did was make a biopsy of the lung tumor There luis not 
been a drop of fluid since that tunc I do not believe we know just what happens in 
such cases Those ot vou who can remember many years ngo when tuberculous peritonitis 
was seen fairly frequently will remember that after exploratory celiotomy frequentlv the 
fluid would disappear promptly 

DR. DAVID II. V ATBRMAX (Closing) —I should like to thank the discussants for 
their remarks and for their approbation \\c have been particularly* impressed by this 
group of malignancies that Dr. Kemler and several others have mentioned Certainly, 
wo would not wish to imply that decortication should always be done in malignant elTu 
sion; obviously not When there is an unexpandnble lung with intractable fluid, however, 
as not infrequently* occurs, the operation may bo of practical use Our first case, m 1945, 
was remarkablv successful in eliminating the troublesome effusion, and our subsequent 
cases ha\o also done well, with the exception of ono patient who may have had his death 
speeded by* tho opening of new channels for malignant spread, as Dr. Meade mentioned 

It would bo presumptuous of me to take issue with an authority on decortication of 
Dr Samson’s physical and professional stature I was quoting an article that appeared 
in 1951 in the Journal of this Association by Croxatto and Sampietro, the former a patholo 
gist and tho latter a thoracic surgeon at the Unnersity of Buenos Aires, who emphatically 
stated that there was actually a pachypleuritis on the parietal side and not a true peel, 
and that it was therefore not possible to separate a peel from the parietal pleura We 
had felt that it was possible, and had always used the term "pan 
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Wo suggest that perhaps a peel is present in the very early eases, and a pachypleuritis in' 
the long-standing ones. However, we do think that removal of the parietal pee] or parietal 
pleura, whichever the case may be, is mandatory in instances where there is marked thick¬ 
ening. It- is inconceivable to me that a thick shoe-leather peel over the parietal surface 
will disappear following decortication of the visceral side alone and permit return of good 
function of the chest wall. 

Dr. Sarot’s* comment as to the misnomer perhaps is well taken. I doubt if we are 
going to be able to change the terminology at this late date because it is so well ingrained 
in the literature. 

I would like to mention briefly one factor that he stressed, namely, the condition of 
tho underlying lung. Obviously it is extremely important to evaluate the pre-existing and 
existing pulmonary disease if a good result is to be obtained. This is particularly true in 
tuberculosis. If no appreciable disease is present, however, the duration of collapse does 
not seem to affect the re-expansion. In our cases of calcified hemothorax, for example, 
ono had been collapsed thirteen years, one nineteen years, and the other twenty-two years 
since the original gunshot wound. Yet in each case the lung decorticated satisfactorily 
with the use of bone instruments—the plaque had to be literally chiseled and rongeured 
away, but once it was removed the lung expanded beautifully, with complete space oblitera¬ 
tion on the table. 

As a point of interest, the case of calcified hemothorax of twenty-two years’ duration 
had an unsuspected bronchogenic cancer in the upper lobe. This was completely masked 
by the overlying calcium, and it was not until decortication that the tumor was found. 
Unfortunately, it was not resectable. Conceivably we have in such instances another rare 
indication for decortication. 


Editor 131 " Sarot did not return his discussion. 


For that reason it could not he included here. 



A SURGICAL PATHOLOGIC CLASSIFICATION TOR ISOLATED 
VENTRICULAR SEPTAL DEFECTS AND FOR THOSE IN FALLOT’S 
TETRALOGY BASED ON OBSERVATIONS MADE ON 120 PATIENTS 
HIRING REPAIR UNDER DIRECT VISION 

HrRHniT E Waiuu \, 111)* (iiv iwirvnos), Rich urn A DiWall jrD*® 
(b\ iniitition), Morm v Coins, MD (in imitii ion), Rich mid L Vaiico, 
M D , \si> C IV m.tos Lii u hi i, 51 D 
5Iis\i holts 5Iiss 

B ETWEEN 5Iauh 20, 1934, and 3rai 5, l<r>0, at the Limeisitj of 5Iinncsota 
Hospitals, 14-1 patients with mtiauudinc lesions undciwent dnect sision 
lepan of thin defects while nndei total (aidiac ba-pass and wlic niteimllj 
pci fused M<i lontiolled cions cnculation 1 r (4"> patients), the aitennl lesei- 
\on 8 (5 patients) , the biologic (dog lung) owgenatoF (14 patients), 01 the 
mechanical (bubble) o\i genatoi 10 11 (80 patients) 

In this senes the most common congenital defect encounteicd lias been an 
isolated icntneulai septal defect (87 patients!) Nc\t m iicqnenci was the 
tetialogi of Fallot defect (33 patients), and then the lesion of atnoientnculans 
communis (') patients) These thice tapes compiise 8‘)5 pci cent of the cases 
opciated upon The fust two tapes of amtiiculni septal defects wall icceiac 
our attention m this publication The atiioacntneulans communis defect, al¬ 
though possessing a acntnculai eomponent, has m addition an ostium pnmum 
defect and, as well, mitral and/oi tneuspid aalaulai innlfoiillations Theiefoie, 
in the light of its eompleuta, it wnnants and anil icceiac a scpaiatc communica 
tion 

The common denominatoi in all of these patients opciated upon was their 
recurring illness Tlica aacie pcnodicaRa m need of pcdintuc oi medical caie 
This fact maa well liaac influenced foi this sines the ficqucnca distribution of 
the aauous defects f The acjauolic cases weie m difficult) fiom numerous 
respiratoi) infections and/oi bouts of caidmc faiiiue Pulmonara h)peitension 
was uniaersill) pi (sent heie Among those who were e)anotic, oui suigical 
indications weie based on piogiessiae and sustained detenoiation as manifested 
bv one or moie of the following conditions a using hemoglobin and/or 

From the Department of Surgcrj and the \ arictj Club Heart Hospital University of 
Minnesota Medical School Minneapolis Minn 

Supported by Research Grants from Grain ite Scl ool Univcrsitv of Minnesota Minne 
sota Heart Association \tneric in He irt Association Dlfe Insurance Medical Research Fund 
and National Heart Institute Grant No II 830 

Read at the Thlrtj sixth Nnnunl Meeting of The \merican Association for Thoracic 
Surgerj at Miami Beach Fla Mi) r to 9 195r 

•Research rellow Unite] States Public Health Sci\ice 
•• \mcrican Heart Association Research Fellow 

IThis includes one case of traum iticallj acquired \entricular septal defect successfully 
repaired 9 

JThe ratio of low septal defects to high ones may be greater than our series shows 
The pressing need to care for cliillren in serious trouble from a high ventricular septal defect 
has effectively preclulel scleluling of the more bland forms occasionally met with in older 
children and adults 
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hematocrit (with the emphasis upon the rate at which this ascent was occurring ) ; 
recurrent severe bouts of dyspnea associated with syncope, coma, or convulsions; 
and, in some, clearly evident cardiac decompensation, 

CLASSIFICATION OF VENTRICULAR SEPTAL DEFECTS 

It is both logical and desirable to classify the diverse types of septal anoma¬ 
lies. Consequently, we have sought a simple yet concise and inclusive classifica¬ 
tion for ventricular septal malformations as Ave have found them at operation. 
One Avas looked for Avhich Avould be both morphologically correct and equally 
compatible Avith the antecedent embryologic aberrations. Rokitansky’s anatomic 
classification of congenital cardiac septal defects as described in 1875, 12 aatj 
believe, best fulfills most of the above requirements. We have found that it 
offers the surgeon an accurate, Avorkable, anatomic classification which, except 
for a feAv minor reservations, is essentially in agreement Avith the embryologic 
descriptions of Spitzer 13 and others. 11-16 The portion of this classification that 
deals Avith ventricular septal defects in its modified form is reproduced in 
Table I. 

Table I. Anatomic Classification of Ventricular Septal Defects 
(After Karl Freiherr von Rokitansky* 1S04-1S7S) 

A. Complete absence of ventricular septum (single ventricle) 

B. Defect in the posterior ventricular septum 

C. Defect in the anterior ventricular septum 

1. Absence of the entire anterior septum 

a. With normal caliber of the arterial trunks 

b. AA r ith stenosis or atresia of the pulmonary artery (tetralogy of Fallot) 

2. Defect in the posterior part of the anterior septum 

a. With anomalous position of the arterial trunks 
Alpha — With normal caliber of the arterial trunks 

Beta = With stenosis or atresia of the pulmonary artery (tetralogy of Fallot) 

b. With normal position of the arterial trunks (membranous type) 

3. Defect in the anterior part of the anterior septum 

D. Defect in unusual positions (including muscular defects) 

E. Defect in anomalous septum 

*F. Acquired ventricular septal defects____ 

*AVith modifications described in text. 

A cross section of the heart at the level of the atrioventricular ring is shoAvn 
(Fig. 1, A and B) to facilitate the description and identification of the areas 
concerned in Rokitansky’s classification. The relationship betAveen these struc¬ 
tures and the ventricular septum is schematically represented in Figure 1, C. 
The latter is taken from the Avorks of Spitzer 13 and for simplicity has been 
modified slightly. The stippled areas represent the muscular portions of the 
ventricular septum Avhile the solid line (5-5), joining these regions, represents 
the pars membranaeea. The ventricular septum at this level may be segmented 
into an anterior or ventral portion (Fig. 1, C, 1-4) and a posterior or dorsal 
part (4-6) Avhich corresponds to the embryologic source of these regions. 

The anterior septum is derived from a union of the ventral atrioventricular 
cushion Avith the muscular A’cntricular septum beloAv and the right and left conus 
ridges from above. The posterior ventricular septum arises from the dorsal 
atrioventricular cushion and the portion of the muscular A T entricular septum 
that arises from the apical and dorsal ventricular Avails of the embryo. 14 ’ 15 The 
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central point or fusion of these regions occurs at I (Fig. J, C) in flic pars 
mcmbrannccn. Tho nnlagen of the constituents of this membranous area of 
tlic septum have been a subject of dispute among embryologists for some time. 


Posterior 




NORMAL 

Posterior 



TETRALOGY OF FALLOT 
Posterior 



Fig. 1 —Tho heavy cro««s bar fn .4 indicates the lc\el of the ntrial-\entricular junction 
# depicts tho gross anatomy at this ic\cl 

The relationships of the mitral and tricuspid \ alien anil the noita and pulmonary 
artery with respect to the \entrlcular septum of the normal luart are schematically indicated 
In C The stippled areas indicate the muscular portion of the \entricular septum while 
the heavy line between numbers 3 and J indicates the membranous section. In D, the 
pathologic cardiac anatomy found In tetralogy of Fallot is indicated (See text for details 
concerning the septal divisions indicated in the hitter two plates ) 


However, in summary, the present concept holds that the anterior superior 
portion of the membranous septum arises from connective tissue contributed by 
tlie left conus ridge which extends down from the base of the loft bulbar ridge 
while the posterior superior portion comes from the right conus ridge; these 
segments then join and in turn unite with the fused atrioventricular cushions. 
The remaining inferior portion of the membranous septum is contributed mainly 
by the dorsal atrioventricular cushion though some does come from its ventral 
counterpart and from the connective tissue margin of the crest of the muscular 
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interventricular septum. 15 Thus, it is obvious that this region has a complex 
embryologic origin and that fact undoubtedly contributes to the frequency of 
malformations in this area. 

These major divisions of the ventricular septum are further subdivided by 
Spitzer as indicated in Fig. 1, C. The anterior ventricular septum is composed 
of anterior and posterior divisions. The anterior division extends from the 
anterior ventricular wall ( 1) to a point midway beneath the aorticopulmonic 
septum (2); the posterior portion (2-4) is subdivided into a muscular part 
(2-3) and a membx’anous section (3-4) which extends to the anterior margin of 
the posterior ventricular septum (4). This latter structure is made up of a 
small membranous segment (4-5) and a larger muscular section between 5 and 
6 which terminates at the dorsal ventricular wall. These subdivisions by 
Spitzer, based upon embryologic derivation have been correlated with Rokitan¬ 
sky’s morphologic classification and the clinical cases have been grouped accord¬ 
ing to these terms in Table II. 


Table II. Classification- of tiie Clinical Material in Terms of Rokitansky’s Groups 

and Spitzer’ s Areas 


ROKITANSKY'S ANATOMIC GROUPS | 

SPITZER'S SEGMENTS | 

NUMBER OF PATIENTS 
REPAIRED 

A 


1-6 


B 


4-6 

5 

C 1 a 


1-4 

1 

b (with pulmonary stenosis) 


1-4 

3 

C 2 a alpha 


2-4 

2 

beta (with pulmonary stenosis) 


2-4 

30 

C 2 b 


2-4 

71 

C 3 


1-2 

4 

D 

No 

correlation 

3* 

E 

No 

correlation 

1 

F Traumatic 


— 

1 

Total 



121 


*One of these also had a C, 2b type defect. 


The areas just described and shown in Figure 1, C have proved adequate 
for categorizing the majority of the ventricular septal defects we have observed 
in this series and those encountered in the tetralogy of Fallot group. The 
anatomic features of this latter malformation have been diagrammed in Fig. 1, 1) 
which shows the enlarged aorta, the hypertrophied crista supraventricularis, 
and the narrowed pulmonary outflow tract. The details of this septal anomaly 
will be elaborated upon later. The schema here is also modified from the works 
of Spitzer and the nomenclature is his. 

Group A: Complete Absence of the Ventricular Septum (Single Ventri¬ 
cle ).— 

This group is characterized by the complete, or virtually so, failure of the 
muscular ventricular septum to develop. The atrioventricular valves are at times 
distorted but empty into a single chamber. In the roof of this common ventricle 
appear the orifices of the aorta and pulmonary artery. Though these vessels 
may be normal, frequently they too are imperfectly formed or transposed. 
Occasionally, the pulmonary artery is markedly atretic or completely absent. 
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12 

Fig 2—Single \entriclc (Rokitanskys Group A) These are photographs of a heart 
from a 4 month old Infant an l demonstrate the pathologic anatomy of one type of single 
ventricle with normal position and caliber of the great vessels A shows the pulmonary out 
flow tract in the upper right foregroun 1 It is a view from the apex toward the roots of the 
ventricular outflow tracts In each instance the probe extends out the aorta. 
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The aorta can be similarly deformed. Fig. 2 (A and B) are photographs of a 
representative specimen of one type of single ventricle with normal atrioven¬ 
tricular valves and normal position and caliber of the great vessels. In Fig. 2, 
A the incision in the ventricular cavity has been extended from the apex well 
out the pulmonary artery and the orifice of the latter structure is in the fore¬ 
ground. A probe passes out through the aorta. In Pig. 2, B the specimen has 
been more widely opened and the base of the great vessels is more apparent as 
are the tricuspid and mitral valves. The probe again extends out the aorta. 
As yet we have not undertaken surgical correction for this group of cases. 

Group B : Defect in the Posterior Ventricular Septum .— 

Defects of this portion of the ventricular septum are represented in Fig. 3 
(A and B). It can be noted that here one margin of this defect is in juxta¬ 
position to the atrioventricular ring or annulus, and that it is well concealed 
by the septal and, to some extent, the posterior leaflets of the tricuspid valve. 
In addition, because of a close proximity to the atrioventricular ring, the upper 
margin of such a defect is usually quite fibrous while the lower margin is 
composed predominantly of muscle. 

These lesions may vary from that of a hole but a few millimeters in diam¬ 
eter and juxtaposed to the posterior margin of the membranous septum to an 
almost total absence of the posterior septum extending from the pars mem- 
branacea to the posterior ventricular wall. We have cataloged 5 patients in 
this series as having this type of defect. In 3 cases the opening appeared smaller 
than that shown in Fig. 3, B. Their range was between 1.5 and 2.5 cm. However, 
among these smaller holes encountei’ed, adequate surgical exposure may be more 
troublesome and hence secure closure more difficult. 

Group C: Defect of the Anterior Ventricular Septum .— 

1. Absence of the entire anterior septum: A heart with this portion of the 
septum deficient and with normal caliber of the arterial trunks is illustrated 
in Fig. 4. The openings found so far have all been large and extended from 
just beneath the pulmonary valve cusps well back toward the anterior margin 
of the septal leaflet of the tricuspid valve. The aortic and pulmonary valve 
leaflets are separated by a narrow (2 to 4 mm.) fibrous band, leaving just 
enough room for the precise placement of closure stitches. 

Four patients in the series had this lesion. In only one was there a normal 
outflow tract. The others had definite pulmonary outflow stenosis (tetralogy of 
Fallot). This is an unusual form of tetralogy since the supraventricular crest 
has appeared to be entirely absent, whereas, it is customarily hypertrophied 
(C, 2a, beta). The appearance at the time of right ventriculotomy is strikingly 
different in these two contrasting examples. Rokitansky seemingly did not 
observe any defects of this portion of the ventricular septum in association with 
pulmonary stenosis or atresia and hence did not make provision for their 
inclusion in his classification. Consequently, we have modified his original 
schema (see Table I) by this addition. 

Group C, 2a, alpha: Defect in the posterior portion of the anterior septum 
with anomalous position of the arterial trunks which arc of normal caliber: 
This group includes those septal defects which are associated with anomalies 




B 

Fir- 3—Defect of the posterior *eptum (Rokitanskys Group B) A is an artists version 
of a defect in the posterior ventricular septum and B shows a photograph of a similar defect 
taken from a view similar to that seen through a surgical cardiotomy in the right ventricle 
In this view the pulmonary valve cusps are visible at the top of the photograph and the 
manner In which the septal and posterior leaflets of the tricuspid valve tend to hid* partially 
the margins of the defect is quite evident 
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The aorta can be similarly deformed. Fig. 2 (A and B) are photographs of a 
representative specimen of one type of single ventricle with normal atrioven¬ 
tricular valves and normal position and caliber of the great vessels. In Fig. 2, 
A the incision in the ventricular cavity has been extended from the apex well 
out the pulmonary artery and the orifice of the latter structure is in the fore¬ 
ground. A probe passes out through the aorta. In Fig. 2, B the specimen has 
been more widely opened and the base of the great vessels is more apparent as 
are the tricuspid and mitral valves. The probe again extends out the aorta. 
As yet we have not undertaken surgical correction for this group of cases. 

Group B : Defect in the Posterior Ventricular Septum .— 

Defects of this portion of the ventricular septum are represented in Fig. 3 
(A and B). It can be noted that here one margin of this defect is in juxta¬ 
position to the atrioventricular ring or annulus, and that it is well concealed 
by the septal and, to some extent, the posterior leaflets of the tricuspid valve. 
In addition, because of a close proximity to the atrioventricular ring, the upper 
margin of such a defect is usually quite fibrous while the lower margin is 
composed predominant!}' of muscle. 

These lesions may vary from that of a hole but a few millimeter's in diam¬ 
eter and juxtaposed to the posterior margin of the membranous septum to an 
almost total absence of the posterior septum extending from the pars mem- 
branacea to the posterior ventricular wall. We have cataloged 5 patients in 
Ik this series as having this type of defect. In 3 cases the opening appeared smaller 
than that shown in Fig. 3, B. Their range was between 1.5 and 2.5 cm. However, 
among these smaller holes encountered, adequate surgical exposure may be more 
troublesome and hence secure closure more difficult. 

Group C: Defect of the Anterior Ventricular Septum .— 

1. Absence of the entire anterior septum: A heart with this portion of the 
septum deficient and with normal caliber of the arterial trunks is illustrated 
in Fig. 4. The openings found so far have all been large and extended from 
just beneath the pulmonary valve cusps well back toward the anterior margin 
of the septal leaflet of the tricuspid valve. The aortic and pulmonary valve 
leaflets are separated by a narrow (2 to 4 mm.) fibrous band, leaving just 
enough room for the precise placement of closure stitches. 

Four patients in the series had this lesion. In only one was there a normal 
outflow tract. The others had definite pulmonary outflow stenosis (tetralogy of 
Fallot). This is an unusual form of tetralogy since the supraventricular crest 
has appeared to be entirely absent, whereas, it is customarily hypertrophied 
(C, 2a, beta). The appearance at the time of right ventriculotomy is strikingly 
different in these two contrasting examples. Rokitansky seemingly did not 
observe any defects of this portion of the ventricular septum in association with 
pulmonary stenosis or atresia and hence did not make provision for tlieir 
inclusion in his classification. Consequently, we have modified his original 
schema (see Table I) by this addition. 

Group C, 2a, alpha: Defect in the posterior poiiion of the anterior septum 
with anomalous position of the arterial trunks which are of normal caliber: 
This group includes those septal defects which are associated with anomalies 




Fig 3—Defect of the posterior septum (Rokit'insk\ s Group B) A Is an artists 'ernlon 
of a defect in the posterior \cntricular septum and B shows a photograph of a similar defect 
taken from a \ lew similar to tlnt seen through a surgical cardiotoim In the right \cntrlc e 
In this view the pulmonarv \ al\e cusps are a Isible at the top of the photograph and the 
manner in which the septal and postetlor leaflets of the tricuspid Aal\e tend to hide partially 
the margins of the defect is tiultc esident 
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of the position or origin of the great vessels. These malpositions range all the 
way from partial to complete transposition of the great vessels. The septal 
defect is usually located in or near the membranous area but, of course, may 
occur elsewhere as well. Certainly, because of the malposition and rotation 
of the great vessels, considerable variation is induced in the site of the septal 
defect. Fig. 5 is a representative specimen of the group. This photograph 
shows complete transposition of the great vessels and a ventricular septal defect. 
The right atrioventricular valve is apparent in the left foreground and just 
above its apex appears the septal defect. In the upper center of the field may 
be seen the aorta as it exits from this anterior ventricle 



„ , at. „„„„ of thf. pntne anterior septum (Rokitansky’s Gioup C 1) This type of 

Fig- 4 ?A f ith normal caliber of the arterial trunks is diagrammatically show n 

fnUn^VaTe^No'teme p^miTy'of the" aortic and pulmonary leaflets 


A discussion of this gioup is included primarily for completeness of the 
classification Two patients with this type of ventricular septal defect have 
been operated upon as part of an attempt at complete corrective surgery for 
complete transposition of the great vessels 17 

Group C 2a beta- Defect in the posterior part of the anterior septum 
with anomalous position of the arterial trunJcs and stenosis or atresia of the 
pulmonary artery (tetralogy of Fallot): Under this heading, Rokitansky has 
grouped those defects associated with an enlarged, dextraposed aorta and stenosis 
or atresia of the pulmonary artery. Thirteen years later, Fallot 18 also described 
the pathologic anatomy of these defects and coirelated it with the clinical 
findings in patients possessing that combination of congenital intracardiac 
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anomalies. Since his classic description in 1SSS this tctralogical association has 
attained common usage whenever lefeicnce is made to that pathologic complex. 

The significant abnormalities in this syndrome are the ventricular septal 
defect and stenosis or atresia of the pulmonary artery. The positional altera¬ 
tions in the aorta and pulmonary artery come in part fiom a faulty partition¬ 
ing of the truncus arteriosus by the septum aorticum, 1 - 11 and in part arc 
acquired secondarily, after birth, from the disproportionate blood How through 
these respective vessels. The result is an inequality in the size of these two 
vessels which, together with certain other factors,'■ contributes to the impression 
that the aorta is overriding. Thcicnftcr, the aorta encroaches upon 
this area normally occupied by the posterior portion of the anterior septum 
(see Fig. 1, D, 2-1). Although the pulmonary artery is always the smaller of 
the two \essels its actual sire mnj vary from an atretic cord or hypoplastic 
\essel to that of an artery scarcely diminutisc to the normal. 







n* f J 
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Fig 5 —Defect Jn posterior part of anterior septum with anomalous position of the 
arterial trunks (Rokltanskj s Group C. 2n, alpha) An example of the defects Included in 
this group is the nbo\e photograph from a 4'month-old child dying of a complete transposi¬ 
tion of the great \ essels The aorta, located anterior to the pulmonary artery, can be seen 
coming oft the right (anterior) \cntricle The defect !n\ol\ing the posterior part of the 
anterior septum is seen in the center Just abo\e the commissure of the right atrio\entrIcuiar 
(tricuspid) \al\e 

Associated with a slight malposition of the aorta, there is also an exag¬ 
gerated prominence of the crista supraventrieulaiis The latter, quite like the 
pulmonary artery, may exhibit considerable variation in size. It can be com¬ 
pletely absent, as described in Group C, lb, or it may exist as a moderately 
thickened muscular ridge. In its extremely ovei developed form, it appears as 
a markedly hypertrophied muscular mass obstructing the right ventricular 
outflow tract to a pinhole. In the latter instance, it usually forms the floor of 
a rather well-developed infundibular chamber proximal to the orifice of the 
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pulmonary artery. At times the encroachment through hypertrophy is capable 
of completely obliterating this region. Finally, through an asymmetrical division 
of the truncus arteriosus, there is frequently a deficiency in the number of valve 
cusps, resulting not uncommonly in either a bicuspid aortic or pulmonic valve. 

The septal defects noted in this group are generally located in the mem¬ 
branous area of the septum and have been generally large in size. However, 
despite the similarity in location they differ considerably in appearance from 
the pure membranous type of defect. Characteristically, they show an extremely 
narrow upper margin immediately adjacent to the origin of the aortic cusps 
from the fibrous base of the aortic ring (Fig. 6, B). The remaining margin is 
predominently muscular as a rule but occasionally may consist too of a rather 
narrow shelf of fibrous tissue. This close proximity of the aortic cusps is seen 
in Fig. 6, A, an autopsy specimen with the view from the right ventricular side. 
In the lower left-hand corner lie the tricuspid valve orifice and leaflets while 
just above and medial to this is the septal defect through which appear two of 
the aortic cusps. This patient died before corrective surgery could be performed 
and therefore the thickened crista supraventricularis is shown as an intact ridge 
which traverses the right ventricular outflow tract. In this field on the right of 
the crista is a broad band of muscle extending from the septum to the anterior 
ventricular wall. The tip of a liemostat passes beneath this structure. This 
configuration has been found in the majority of cases in this group. Unques- 
tionably, it serves to obstruct blood flow into the pulmonary artery. We have 
excised it therefore since its removal augments substantially the volume of 
blood moving through the outflow tract. Fig. 6, B depicts the septal defect as 
seen from the left ventricular aspect. Again, the proximity of the right and 
'posterior aortic valve cusps to the typical crescent shape of the defect is 
apparent. 

To date 33 patients with tetralogy of Fallot have been operated upon. In 
29, the location of the septal defect was of this type (C, 2a, beta). Three of the 
other cases had deficiencies of the entile anteiioi septum as previously noted j 
the fourth patient, who preoperatively was thought to have a tetralogy of 
Fallot, had an atrioventricularis communis defect of the septum with deformed 
mitral leaflets and a severe pulmonary valvar stenosis. One patient with 

| 0 gy of Fallot m this series had complete atiesia of the origin of the main 
pulmonary artery (see Fig. 11, A). She continues to do well one and one-lialf 
years postoperatively after correction of that anomaly also. 5 In this group, just 
one patient with tetralogy of Fallot had only valvular stenosis. Twenty-seven 
had infundibular stenosis and 5 had both types of obstruction to pulmonary 
outflow. Three patients had other congenital cardiovascular abnormalities; one 
had an associated patent ductus arteriosus which was divided, one had a left 
superior vena cava entering the coronary sinus, and one also had a primum 
defect of the interatrial septum. Right aortic arch was present in approximately 
one-third of these patients. 

It is important to emphasize, f 01 sui geons and cai diologists alike, the 
fact that the position of the aorta has not presented any important obstacle 
to curative surgery for Fallot s tetialogy, eien in its severest forms encountered 
in infancy. 
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■r.;,, 7 —Defects in the membranous septum 
(Rokitansky’s^3roup C. 2b). A demonstrates m, 
Note how the defect margin extends beneatn ann 
J} is a right ventricular photograph of sucn a 
to the crista supra-ventricularis (C.S.) and t 

C is a view of the same defect. t iev.ed from 
defect to tlie riglit aortic cusp (R.C.) ana uic pi 
valve is evident. 
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Fig. 7 (Cont'd ).—D indicates a defect of this type viewed from the left side, occurring 
in a 4 -year-Old boy. Defects in this area grow disproportionately larger with time. E shows 
a somewhat unusual type of membranous septal defect found in a 5-week-old infant. This is 
viewed from the right ventricular side and in the central portion shows an aneurysmal dilata¬ 
tion of the membranous septum and a perforation through the septal leaflet of the tricuspid 
valve, thus creating a direct communication between the left ventricle and the right auricle. 
(See text for details.) 
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Group C, 2b: Defect in the posterior part of the anterior septum with 
normal position of the arterial trunks (defects of the membranous septum): 
A defect in the membranous portion of the ventricular septum with normal 
location of the aorta and pulmonary artery was the most frequent congenital 
intracardiae malformation encountered in this series. These 71 abnormal ostia 
varied in diameter from 5 mm. to 6 cm. (Fig. 7, D) depending upon the 
amount of adjacent muscular septum that also was deficient. 

As sketched in Fig. 7, A, the posterior margin can be difficult to expose for 
it lies behind the papillary muscle of the conus, concealed by the 
anterior commissure of the tricuspid valve. In reality no true defect 
margin need exist in this area. The edge of the septal hiatus merges 
with the annulus fibrosus of the tricuspid and mitral valves and this in 
turn diffuses into the aortic septum. Surgical exposure is also limited by 
attachments of the chordae tendineae to the inferior margin of the septal 
defect along its mid to anterior position. Occasionally, these chordae pass 
through the defect and insert on the left ventricular side of the septum. The 
usual characteristics of this lesion are shown in Figs. 7, B, C, D. Plates B and 
G are photographs of a specimen* viewed from the right and left ventricles, 
respectively. The septal hole is centrally located under the normally thin, 
broad shelflike projection of the crista supraventricularis which here has an 
entirely different configuration from its appearance in a tetralogy of Fallot 
and hence it does not infringe on the pulmonary outflow tract. Fig. 7, C, a 
photograph of the same specimen, seen from the left ventricle, demonstrates 
He relationship of the aortic valve to this membranous septal defect. Char¬ 
acteristically, in this type of defect, the aortic cusps are located a few millimeters 
^farther away from the upper edge of the hole than when this kind of anomaly 
exists in a tetralogy. In the latter, this edge is usually very close to the aortic 
cusps These relationships are of considerable importance in the placement of 
sutures during the repaii. 

Of the seventy-one membranous septal defects seen in this series of patients, 
four have had a definitely different appearance. The ventricular defect in each 
instance was in the usual location but arose from an aneurysmal dilatation of, 
and perforation in, the membranous septum. One infant had in addition a 
perforation through the origin of the septal leaflet of the tricuspid valve. This 
resulted in a direct shunt from the left ventricle into the right auricle. A 
defect similar to this has been described by Rokitansky, 1 - and Edwards and 
associates. 10 The specimen from this case is A' * rig. 7, E. T 1 ' : was 

opened so as to expose the right auricular a" ^ vlri 

of center lies the aneurysmal pouch and - L 

through which can be seen the margins of >ta 

background. This unusual lesion produce. 

This infant though merely 6 weeks old was 
a last resort. 


‘This patient. J- £>., age 


16 weeks, died in the 
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Twenty-six patients in this "roup had other cardiovascular anomalies. 
Among these there were live instances of left superior venae cavae. Pour pa¬ 
tients had a patent ductus arteriosus which was transected at the time the other 
corrective surgery was performed. Three had associated atrial septal defects 
which were likewise repaired. Mitral stenosis was found in one patient with a 
defect in the membranous ventricular septum. lie underwent commissurotomy 
under direct vision at the time the ventricular septal defect was closed. The 
remaining 2 patients had coarctation of the aorta. 



Fltf. 8-—Defect In the anterior part of the anterior septum (Rokitansky's Group C. 3). Note 
tho proximity to the pulmonary valves 

Group 0, 3: Defect in the anterior part of the anterior septum: Defects 
of tho muscular portion of the anterior ventricular septum occur in the area 
between 1 and 2 in Pig. 1, C. This type defect is usually located close to 
the anterior ventricular wall just below the pulmonary valves (Fig. 8). Those 
we have found were 4 to 15 mm. in diameter. Uniformly, they have had a 
muscular margin interiorly. In this defect., similar to that mentioned above in 
regal'd to absence of the entire anterior septum, the aortic valve (left anterior 
cusp) and the pulmonary valve leaflets arc separated by only a narrow (2 to 
4 mm.) margin. Ilemodynamically also, they unite the outflow tracts of the right 
and left ventricles (similar to Group C, 1) and hence provoke severe systemic 
effects. The four met with in this scries were readily visualized and the patients 
tolerated the surgical closure well. 

Group D: Defect in Unusual Positions (Including Muscular Defects ).—- 

Three patients have been found at operation to have this type of deficiency 
of the muscular portion of the ventricular septum. Two had associated cardiac 

v 




Fig 9 —Defects in unusual locations (including- muscular defects) (Rokitansky’s GrouD 
V). A, multiple muscular defects occurring as the sole defects in a seriously ill 5-month-nld 
infant Successfully repaired in 1954, utilizing controlled cross circulation B, specimen from 
a 6-jear-old boy -which shows a moderate-sized muscular defect low m the septum in addition 
to a large membranous septal defect as seen from the left ventricular side. addition 
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lesions One line! n Inigo, ut collectable and txpicallx located, defect m the 
incmhianous men ns xxcll The otliei patient had initial stenosis too, which 
was itlicxed inidoi dnect xixion aftci closuie ol the xcntnculai defect In 
.ill, the defects had fiiahlc imisenlar mniginx and then diameteis langed from 
5 to 1") mm The thud patient had multiple imisculai defects (Tig 9, A) 
ric(|iicnth sexeial tiaheuilae caineae o\eila\ the light xcntiuulni onfiee of 
the defect thus eienting an initial nnpicssion that a elustei of sexeial small 
defects exists Iloxxexci once these tiabeoulac aie incised it is appaient that 
these ostia coalesce into a single opening peifoiatmg the septum Occasional!}, 
as we haxc noted, the holes max Unix he multiple (Fig 9, A) The nioie com 
111011 sites aie along the musuilu septum at almost mix lexcl subjacent to 
the nntenoi xcntncul.ii wall hut on occasion xxe hnxc found them along the 
posteiior xentiieulni xxall Whin picscnt m the cential poition of the liniseuhi 
septum tiles haxc hecn ncai the apes The specimen scon m Tig 9, I! demon 
stiates this situation as seen fiom the left xcntnele Ileic, the low musculai 
septal defect is associated with a l ltlici Imgt mcinhianous opening as well Tint 
paiticulnr comhination oicuued once in tin opeiatixe sems and both defects 
weie siiccessfullx closed 

Gioup II Defect in Anomalom Scptn — 

llokitanskx lias included undci tins heading a multiplicits ot defects in 
xolxnig malposed septa, toi example, those associated with a rudiment aij 
xontnelo and xaiious giadattons of tiansposition as well as the situation in 
which both gieat xcsscls come fiom cithei the laigc oi small xentriclo in com 
lunation with xaixing dcgiees of anomalous xenons inflow to tlio heait AA T e 
liaxe iccogni/ed onlx out patient in this categoix among oui opeiatixe senes, 
hut haxc seen olhci cxmnplcs at autopsies Om patient had a “collected” 
tiansposition bx xntlie of the anomalous septum togcthei with l.aige xentnculnr 
and atnal (sceundum) defects 

Group F Acquitcd Vcntnculai Septal Defect i 

Acqimed xentiiculai sejitnl defects can dexolop aftci a clashing chest 
mliny, hactciial cndocaiditis oi iiom coionaix mfaictions AVc Imxe had an 
opeiatixe expeiieneo with tlio founei 0 The patient sustained multiple ruptuie 
sites in the xcntinulni septum iollowing compression oi the tlioiax undei a 
lolling tmek wheel The tinoc defects weie located in the musculai septum 
neai the apex of the heait Thex possessed licaxilx seaned maigms, xxeie easilj 
appioximated lij silk stitches and the patient lemains xxell one and one half 
jeais, postopciatixe This gioup is an addition to Itokitanslry’s classification 
that seemed indicated, foi completeness, in light of clinical expenence 

ASSOCIATFD DlrECTS 

Among this gioup of patients xxho underwent dnect siugical lepan of then 
xentrieulai septal defects, a number xxeie found to haxe othci associated cardio 
xascular malformations These haxe been lccorded m Table III As a result of 
this experiment xxe haxe come to bclicxc that it is piobablj wise to coriect the 
coexisting anomalj eitliei pumarilj oi coincidentally xvith lepan of the x'en 
tneular defect This, of course, is not applicable to endocaidial fibroelastosis, 
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coirceted tmnsposition, dc\tiacaidin, oi left supenoi vena ca\a llowcici, it is 
especinlh impoifant fm the suigeon to lecogm/e tlie piescnce of this latter 
abnominliti foi unless it is occluded dining the b\ pass pcnod the opeiatne 
site is often unnccessuiilj obseuied by this icnous lctmn Also, paitieulailj 
if this aecesson supenoi \enu cu\a is of am significant si/c, it is bcttei 
not to occlude it but lathei to eannulatc it in oidei to nmiimirc possibility 
of (cielual congestion it uoss connections aic lacking 

Similaih, aside fiom the pinsiologic undcsnubility of leaung an im 
recognised coaictation oi the aoita oi patent ductus aitcnosus uncoiiccted, 
oserlooking the lattei lesion at tlie tune of concctne intiaealdine smgen may 
icsult in catastiopine hemotrhage when the healt is opened 


SUICICAL M \OI Ml.NT 

Spatial limitations 1 (.quite that a detailed discussion of this impoitant 
considciation be dofened Uuucnth no find thiee methods useful These aic 
(1) dnect sutuie, (J) Iialon pledget, and (3) eiieumfeicntial patch These 
types of closinc aie portias ed dingiamnmticallj in Fig 10 The paiticular 
anatomic configmation found, when the heait is open, decides the choice The 
frequency with which each ty pc was used has been summaii/.cd in Table IV 
Tho distiibution of methods used is somewhat askew, howcici, because initially 
many defects were closed In dnect sutuie whcicas now we would piobably 
fasor the use of an Iuilon pledget or a ciicumfuential patch foi mam of these 
cases 

Tadlf IV Method oi ItiiAir oi VtsTrtcui ir IIfifcts 


1 

M XfUFT 

1 STITCIIFS 1 

l 


T\Pr OF DEJECT i 

r VTIJ NTS 

1 OMA I 

rr ldcet 1 

F \TC1I 

B 

5 

2 

3 

0 

C 1 i (without pulmonary stenosis) 
b (with pulmonary stenosis) 

1 

3 

1 

1 

0 

o 

C 2 a. (Alpha) 

(Beta) 

30 

1 

10 

1 

17 

0 

o 

0 2b 

71 

37 

32 

o 

C 6 

4 

1 

3 

0 

D 

3* 

n 

1 

0 

E 

1 

0 

1 

0 

r Traumatic VSD 

1 

1 

0 


total 

121 

50 

58 

- - 

•One of these aho had i C 2b type 

defect 
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Right Vcntncxilai Outflow Tiaot Roof for Patients With 

rallot — 

The euiatne pioceduie foi totralog, of Fallot Ins completeh i, placed the 
palliative shunt pioceduie m this clime The achieieincnt ot this mo,e des.ra Vt 
tieatment for these patients ,mohes two considerations, munch, closure oi ^ 
i entnculai septal defect and lemoial of the pulmonan stenosis The a 
and tcclmiques of elosuie of their lent.ienla, septal defects June bee^^ 
above 
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Pulmonary rahulotonn and/or infundibulcctomy (Fig 11, A, and B) has 
been satisfactoiy for many of those patients operated upon/' 20 but one of the 
important technical innorations has boon the use of a teauliop-shaped piece of 
eomptessed Iralon sutuied into the upper pottion of the riglit \entriculotoim 



Fig 11—Methods of treatment of the right ventricular outflow obstruction in tetralogy 
of Fallot A, The atretic segment is resected and the pulmonary artery just proximal to its 
bifurcation is anastomosed to the right ventricle S depicts the technique of infundibula* " 

C shows an I\alon roof used to expand the right -ventricular outflow tract (See tev> 
details ) 
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(Fig. 11, C ) to enlarge further this outflow tract in the severe tetrads where it 
is not anatomically possible to excise a sufficient amount of muscle to accom¬ 
plish this goal. 

DISCUSSION 

Our identification of the particular types of ventricular septal pathology 
seen in this series of cases has been greatly facilitated both by the use of 
Rokitansky’s classification and from familiarizing ourselves with these defects 
in terms of their embryologic development. His classification has required but 
few modifications in order to provide a comprehensive coverage, .yet still remain 
a conveniently workable method. 

We recognize that the incidence shown in Table II for these various types 
of defects is unlikely to be a precise reflection of their natural occurrence 
rate. As indicated previously, the patients in this series were selected on the 
basis of their deteriorating clinical course. All persons operated upon were, 
or at some time had been, severely ill and none was asymptomatic. Except for 
those in tetralogy of Fallot groups, all had pulmonary hypertension. In the 
majority of them the pulmonary artery systolic pressure was greater than 70 
per cent of the aortic systolic pressure. Many suffered repeatedly from severe 
respiratory infections and those few who were chosen, because of their peripheral 
arterial desaturation, emphasize their desperate need for corrective surgery. 
The compelling operative indications among the tetralogy of Fallot patients 
have already been cited. 

The site of the most common septal defect, encountered in this series was in 
the pars membranacea. Too, the clear-cut preponderance in frequency of the 
membranous defects over the other forms of ventricular septal defects sub¬ 
stantiates our belief that these lesions are invariably detrimental to the patient. 
Undoubtedly, from their location a strong pulsatile thrust is imparted to the 
pulmonary artery and as a consequence severe proliferative changes frequently 
develop in the arterioles of this vasculai bed at an eaily age. 

While there has been some correlation between the size of the defect 
and the degree of clinical disability in patients with isolated ventricular 
defects a factor, at least as important in this regard, has been the precise 
anatomical relationship of the defect to the orifice of the pulmonary artery. 
Thus even relatively small defects (whether they be in the pars membranacea, 
in the anterior, or in the posterior ventricular septum), situated so that the 
pulsatile thrust of the bolus of the blood from the left ventricle projects 
directly into the pulmonary artery, are liemodynamically more deleterious 
than considerably larger defects situated so that the left a entricular jet strikes 
the opposite ventricular (right) wall in such a Avay as to create turbulence 
in the outfloAV tract of this ventricle. The consequent increased resistance 
due to this turbulence creates, in effect, a functional pulmonic stenosis tend¬ 
ing to dampen the physiologic consequences of the defect. 
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In view of the fact tlmt corrective surgery is now possible and since it is an 
historical fact that these patients with ventricular septal defects rather uni¬ 
formly are seriously ill and have a severely contracted life expectancy, it would 
therefore seem pertinent currently to balance for each patient the increasing 
hazard of procrastination against the decreasing operative risk. 

Wo wish to express oar appreciation to Dr. Bernard Hoclseher of tint Department of 
Surgery, University of Minnesota, for his aid in the translation of the original papers of 
Rokitansky and Spit7cr. 
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Discussion 

DR. DENTON A. COOLEY, Houston, Texas.—I rise to congratulate Drs. Warden, 
Lillehei, and their associates on this outstanding contribution. The pathologic anatomy of 
ventricular septal defects must vary more widely than had been previously appreciated. 
Recently we encountered at operation a defect of the membranous portion of the ventricular 
septum which resulted in a communication between the left ventricle and the right atrium 
without entering the right ventricle at all. 

Another patient upon whom we recently operated was 49 years old and about ten weeks 
previously had suffered an extensive posteroseptal myocardial infarction. About one week 
later, spontaneous perforation of the ventricular septum occurred. At open cardiotomy, 
using the cardiac by-pass, a defect about 3 cm. in diameter was discovered in the posterior 
muscular portion of the septum, partly hidden by the septal leaflet of the tricuspid valve. 
In order to expose the defect, two papillary muscles of the septal leaflet were divided and 
the defect was closed with interrupted silk sutures incorporating a polyvinyl sponge. This 
operation was done six weeks ago and the patient is still alive. 

One mav question the efficacy of such a procedure on the basis that healing would be 
retarded bv the surrounding infarcted muscle. Actually the collateral blood supply to the 
ventricular septum is good and healing should be satisfactory. The rim of tissue around 
the defect in this case was quite firm, and I think that a direct suture without the sponge 
would have been satisfactory. I believe that, in view of the grave prognosis of acquired 
septal defect, surgical repair of the lesion should always be attempted if the patient’s 
general condition will permit operation. 

DR HERBERT E. WARDEN (Closing).—I should like to thank Dr. Cooley for his 
remarks I was afraid of the time limit, consequently I omitted from the presentation two 
slides which I believe demonstrate the type of anomaly he alluded to. This type has been 
described in Rokitansky’s« works on septal defects in 1875 and also by Edwards and associ- 

(slide) (See Fig. 7, E in text.) This is a photograph of a heart, viewed from the 
right ventricular side, which shows such a defect. Here, in the center of the photograph, 
you will note the aneurysmal dilatation of the membranous septum has two perforations 
ad ‘acent to its apex. In addition, you will note that these two perforations communicate with 
similar sized perforations in the septal leaflet of the tricuspid valve. The location of these 
defects together with the physiologic data obtained at cardiac catheterization, indicated that 
during'life there was a considerable shunt direetly from the left ventricle into the right 

auricle. 

(slide) This second slide is a photograph of the same heart viewed from the left 
ventricular side. Here will be noted the rather typical location of the membranous defect 
and through it can be seen the concavity of the aneurysmal dilatation of the membranous 

septum with the openings at its apex. , 

This is an autopsy specimen from a 4-week-old infant who died m the early postopera- 
tive period This patient was in extremely poor clinical condition preoperatively which can 
be attributed to this very unusual type of defect. Thus far in this series of patients this is 
the only one of this type of defect we have encountered. However, 3 other patients with intact 
tricuspid leaflets, but with a similar type ventricular defect, have been seen. 


SURGICAL CORRECTION OF VENTRICULAR SEPTAL DEFECT: 
ANAT05IIC AND TECHNICAL CONSIDERATIONS 

John AY. Kirkuk, 51.D.,* Harry G. Haksiiiiargiir, 51.D.** (nv invitation), 
David E. Donai.d, B.Y.S., 5I.R.C.A r .S.*** (nv invitation), and 
Jusse E. Edwards, 5I.D.**** (nv invitation) 

Rochester, 5Iinn. 

A NALYSIS nml solution of the technical problems inherent in surgical 
closure of ventricular septal defects must be of concern to all engaged in 
corrective intraeardiac surgery. Knowledge of the anatomy of the lesion and 
the methods of repair is necessary no matter what technique is used to permit 
the surgeon to work within the open heart. A study of these problems, initiated 
in the dissecting room and completed in the operating theater, yielded the 
results presently reported. 

Extracorporeal circulation, utilizing a mechanical pump-oxygenator with 
a Gibbon-type stationary vertical screen oxygenator, was employed in the 
cases herein reported. A series of 81 patients operated on by this method has 
given evidence as to the soundness of the technique. The details of the pump- 
oxygenator, 1 the methods for eanuulation and perfusion during operation, 2 ' 3 
physiologic studies, 4 and mortality rates 1 ' 3 have been previously reported and 
will not be repeated herein. 

PATHOLOGIC ANATOMY 

The concept of the ventricular septum and its defects developed in a 
previous report" from this institution is a logical beginning to an analysis of 
the challenge posed by repair of ventricular septal defects. The present route 
of surgical approach being through the right ventricle, the relations as seen from 
this aspect are particularly pertinent. 

Ventricular septal defects may involve regions of the ventricular septum 
related to the ventricular outflow tracts or regions related to the inflow tracts. 
The outflow portion of the right ventricle, as defined in the study mentioned, 
lies between the pulmonary valve above and the nearest portion of the tricuspid 
valve below. The inflow portion lies posterior and caudal to the outflow tract. 
5Iajor anatomic landmarks of the interior of the right ventricle are: (1) the 
tricuspid valve ring and leaflets, (2) the papillary muscle of the conus, (3) the 
crista supravcntricularis, (4) the annulus fibrosus of the pulmonary valve, and 
(5) the apex of the ventricular septum (Fig. 1). 

The papillary muscle of the conus is that point of the septal wall of the 
right ventricle into which insert the chordae tendineac from the left half of the 
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anterior tricuspid leaflet and the anterior half of the septal leaflet of this valve. 
In some hearts, particularly those in which the right ventricular chamber is 
dilated, the chordae tendineae appear to insert directly into the septal wall 
rather than into a recognizable specialized papillary muscle. The crista supra- 
ventrieularis presents on the floor of the right ventricular chamber, as seen 
surgically, between the papillary muscle of the conus below and posteriorly and 
the pulmonary valve above and anteriorly. 



pi£r 1_Normal heart with right ventricle opened. To view this specimen in the orienta¬ 

tion seen at bilateral anterior thoracotomy the photograph should be rotated 90 degrees 
counterclockwise Key: PT, pulmonaiy artery” LPL and RPL, left and right pulmonary 
valve cusDS - CS crista supraventricularis; PMC, papillary muscle of conus ("conus muscle") ; 
Ypjf anterior papillary muscle: STY, septal leaflet of tricuspid valve; RA, right atrium; PRV 
and ART posterior and anterior walls of right ventricle. The dotted circle represents the 
region of the membranous septum. 


It is essential to recognize that most of the outflow tract of the right 
ventricle and the pulmonary valve lie more cephalad and anterior than do the 
outflow tract of the left ventricle and aortic valve when the heart is in situ. 
Thus the crista supraventricularis overlies in part the root of the aorta. 
Ventricular septal defects may be classified as indicated in Table I. 


Table I. Types of Ventricular Septal Defects Encountered in 36 Surgical Cases 


type of defect 


Defect related to ventricular outflow tracts 
Inferior to crista supraventricularis 
Superior to crista supraventricularis 
Defect related to ventricular inflow tracts 
Beneath septal leaflet of tricuspid valve 
Near apex of muscular septum_ 


•In one case the only defects (three) were in this area, 
here were associated with "high” ventricular septal defects. 


CASES 


j- “High” 
“Low” 

In the other 2 cases, defects 


25 

2 

11 

S 

3* 



Volume 33 
Number I 


SURGERY FOR VENTRICULAR SEPTAL DEFECT 


47 


Defects Delated to Ventricular Outflow 1'raets and Involving Itcgion In¬ 
ferior to Crista Supravcntricularis .—The region of the right ventricular outflow 
tract lying inferior to the crista supravcntricularis is most commonly involved 
by ventricular septal defects. Defects in this location, when viewed from the 
left ventricular aspect, arc seen to he immediately beneath the aortic valve cusps 
(Fig. 2). 

These lesions are usually classified as “membranous ventricular septal 
defects,” an inadequate descriptive name since they basically involve a large 
zone of muscular tissue adjacent to the membranous septum (Fig. 3). The size 
of the defect itself seems related mainly to the amount of this muscular portion 
of the ventricular septum that is absent. In some eases, the membranous por¬ 
tion of the ventricular septum is also lacking. In such instances, the septal 
leaflet of the tricuspid valve and the anterior leaflet of the mitral valve are con¬ 
tinuous across the posterior border of the defect. 

When the defects in this region are large and involve the septal tissue im¬ 
mediately below the annulus of the aortic valve, the aortic leaflets are seen to 
overhang the defect (Pig. 4). In all defects with this configuration, the 
annulus and leaflets of the aortic valve arc very near the region where stitches 
for repair must be placed. 

Defects Delated to Ventricular Outflow Tracis and Involving Region 
Superior to Crista Supravcntricularis. —The main features of such defects are 
their close relationship to the pulmonary valve and their lack of extension in- 
foriorly and posteriorly beyond the crista supravcntricularis. These defects lie 
immediately beneath not onlv the pulmonic valve hut also the left aortic cusp 
(Fig. 5). 

Defects Involving Regions of Ventricular Septum Not Related to Ventricular 
Outflow Tracts. —These defects arc located entirely in the muscular wall of the 
ventricular septum and are related to the inflow or sinus portion of the ven¬ 
tricles. Two categories of such defects arc recognized: 

1. Defects lying beneath septal leaflet of tricuspid valve: These, like the 
previously discussed types, might be called “high” ventricular septal defects. 
While they lie in the upper or basal portion of the septum, they are not closely 
related to the aortic valve when viewed from the left ventricular aspect (Fig. 
6). Here they lie near the posterior leaflet of the mitral valve. 

2. Defects in muscxilar septum near apex: These are often termed “low” 
ventricular septal defects (Pig. 7). Fig. 8 shows diagrammatically the location 
of these types of defects. 

Conduction System. —It has been observed at operation that trauma, either 
by a fixation forceps or a needle point, to the remnant of membranous septum 
or tissue lying at the postcro-inferior margin of the ventricular defect may 
result in ventricular asystole or heart block for a prolonged period. This 
suggests that conduction tissue lies in this area. 

The detailed relations of the conduction system to ventricular septal de¬ 
fects are yet to be investigated. Nevertheless, observations on conduction 
disturbances occurring during and subsequent to repair of ventricular septal 
defects support the view that the conduction system in hearts with such'-a 
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Fig- 2 — a. Ventricular septal defect related to ventricular outflow tracts and lying pos¬ 
terior to crista suptaventriculans, as viewed from the right ventricular aspect b. Same defect 
from left ventricular aspect. The upper margin of the defect, as viewed from this aspect, is 
formed by the annulus of the aortic valve 



-it’.„ ■■_-Normal heart showing left "ventricular aspect of septum. The dotted diamond 

the^right^ ^is^shown** C t^^nt®rfor > ^nifraI 

leaflet (AM) The posterior mitral leaflet (r.u) aiso is snown 
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Pip 1—Ventricular septal defect Mewed from left \cntriculnr aspect There is no 
septal tissue immediate!} beneath the commlgsutt betwnn the posterior and the right aortic 
cusps and these cusps oxcrhmg the defect. 



Fig 5—Ventricular septal defect anterior to crista supraventricularis Mewed from right 
ventricular (a) and left ccntricular (6) aspect The defect is immediately beneath the pul¬ 
monary valve and just beneath the left aortic cusp 
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defect is placed essentially as it is in normally formed hearts, as described by 
Widran and Lev. T Tims there may be a close relationship of the bundle of His 
and its right and left branches to those defects that appear in the outflow 
tract of the right ventricle inferior to the crista supraventricularis. In such 
defects, the main bundle would be located in the tissue forming the postero- 
inferior extremity of the defect while the beginning of the right branch of 
the bundle of His would lie more or less parallel to the inferior edge of the 
ventricular septal defect, as the right branch runs forward toward the base 
of the papillary muscle of the conus. Beyond this, it turns downward along 
the ventricular septum at some distance from the position of the usual type of 
ventricular septal defect. The region of the base of the papillary muscle of 
the conus, while grossly related to the position of the right branch, is beyond 
the location of the origin of fibers of the left branch. The fibers of the left 
bundle in the normal heart are so placed as to cross toward the left in the 
tissue inferior to the position of the type of defects under discussion. 

The atrioventricular node lying above the base of the septal leaflet of 
the tricuspid valve and in the lowermost part of the atrial septum at a posi¬ 
tion anterior to the orifice of the coronary sinus is not as intimately related to 
the position of ventricular septal defects as are the main bundle of His and 
its right and left branches. 

Defects in the outflow tract of the left ventricle that are superior to the 
crista supraventricularis and immediately inferior to the pulmonary valve are 
not e i 0S ely related to the position of the bundle of His and its branches. De¬ 
fects in the apex of the septum are not intimately related to the position of 
'the conduction system. Those defects bang beneath the septal leaflet of the 
tricuspid valve may be related to the position of elements of the right branch 
of the bundle of His. 

MATERIAL 

In this presentation, no mention will be made of cases of a ventricular septal 
defect that is part of the tetralogy of Fallot since the technical considerations 
are somewhat different in these instances. Cases of common atrioventricular 
canal are likewise excluded. 

Thirty-six patients who underwent surgical treatment of a ventricular 
septal defect between March 1, 1955, and April 15, 1956, comprise the basis for 
this report The most commonly encountered type of defect was that related 
to the ventricular outflow tracts, inferior to the crista supraventricularis (see 
Table I) Nineteen of the twenty-five defects of this type seemed to be com¬ 
pletely above the chordae tendineae to the papillary muscle of the conus while 
six were both above and below these chordae. In 12 of the 25 cases, the aortic 
leaflets could be seen prominently in the operative field as they overhung the 
defect. This indicates very little septal tissue, if any, remaining between the 
annulus of the aortic valve and the defect. In 10 cases, there was no posterior 
rim of residual membranous septum and the posterior border of the defect was 
formed by a membrane representing the continuous portion of the septal leaflet 
of the tricuspid valve and the anterior mitral leaflet. 
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Tlieic weic associated defects 111 some cases (Tal)Ie II) Associated atnal 
septal defect, patent ductus aitcnosus, and nntial stenosis weie collected at the 
tune the ccntiuul.n septal defect was lcp.uied 


Parif IT Vssouatfd Anatomic JHiicts in *10 Sumni C\sis oi Vinti icucaie Sure 

I)f i ni 


ASSOCIATID 1>FIF<T 

Ml11111'; ■ ii 

Atri il septal defect 

4 

Persistent left Mipcnor \enn rn\a 

3 

Patent ductus nrttnosus 

1 

Congenital mitral stenosis 

1 

Right aortic nrcli 

1 


COMI IH1NI S.s OI R] PUIt 

Since mam ot the patients weic small childicn, it has been difficult to uige 
eaih postopciatne caidiac cathUciization upon them L\en postopei.itne 
cathetcil/ation is not an infallible method toi identifying small lesidual shunts 
unless done with cxtiemc can and accuiacc In evidence of this is the fact that 
adult patients who ha\c not been opciatcd on and who ha\c ion loud s'stolic 
iimimins ehaiaeteustic ot maladie dc Rogci mac base a leit to light shunt so 
small as to he detect ihle onh with difficultt hj the usual cathetciization tech 
mques 

All would agiee that complete ahsenee ot the sistolic niuimui of ientriculai 
septal defect is e\cellent eiidcnec ot complete lepan The piesenco of a slioit, 
lough, Giadc 1 oi 2 sistolic lnuiimu o\ei the piccoidium attci operation does 
not pio\e the piosence of a lesidual shunt, hut the piescncc of such a liiuiinui 
does not allow the patient to he (onsulcied as haung a pioied complete icpaii 
until the lesult is continued In caidiac eathc tel l/ation A patient with such a 
mmmui but with a nounal indicatoi dilution cunc as detcimined m the opeiat 
mg loom aftei icpaii, a quiet heait and clinical impioumcnt as manifested In 
lapid growth, gain in weight and d sappcaiancc of ssmptoms picsumahh has at 
least a satisfactoiy icpaii and pci haps a complete icpaii A peisisting loud 
systolic muimm, combined with an indicatoi dilution eune dctcimmed mimedi 
ately aftei lepan and indicating persisting left to light shunt even though small, 
gnes clear eudence of a lesidual shunt 'When death occuis postoperatn ely, 
neciopsy allows cleai decisioii as to completeness of icpaii 


Table III Results of 11ft aii: of VcvrricuLAr Seftai Deffct in the Entire Series of 3G 
Cases in Which Various Teciiniquis 1\euf Used and in the Last 25 Cases, in 
Which tiif Ptesentia Fwitoaed Technique Was Used 


RESUIT 

\ARIOUS TECHNIQUES 
fAIT 36 CASFS) 

PRESENT TECHNIQUE 
(IAST 25 CASES) 

Complete repair 

20 

IS 

Satisfactory repair (mij well be 
complete but not yet so proved) 

7 

4 

Known residual shunt 

0 

3 


The completeness of icpaii foi the piesont series as adjudged by these 
criteria is indicated in Table III Techniques used include closuie by direct 
suture, by a now abandoned technique using compressed polyvinyl foimal 






54 


KIRKLIN, HARSHBARGER, DONALD, AND EDWARDS J. Thoracic Surg. 

January, 1957 


(Ivalon) sponge, and by the presently employed method. The last technique 
has been developed because of disappointment with occasional incomplete re¬ 
pair by the methods used earlier. That this technique, to be described, has 
been a distinct advance is indicated by the data, portrayed in Table III; with 
it there have been only three instances of known residual shunts. One was in 
a patient with multiple ventricular septal defects, a very small one of which 
was closed imperfectly by a single stitch which has allowed a small residual 
shunt. 

This experience emphasizes the importance of meticulous technique in the 
actual repair of these defects, made difficult in some instances by proximity 
of valvular structures and by problems of exposure of certain areas of the 
lesion. These obstacles must be overcome if the goal of complete, secure 
closure for each patient is to be reached. 



TECHNIQUE OP REPAIR 

Since most defects seen surgically are related to the ventricular outflow 
tracts and are postero-inferior to the crista supraventricularis, closure of this 
type of defect will be described. Such defects are more difficult of secure re¬ 
pair than are other types. The technique described has been used in the last 
25 cases of this series. 

After the function of pumping and oxygenation of blood is taken over 
by the pump-oxygenator unit, the right ventricle is opened widely. The ven¬ 
tricular septal defect is identified and its relation to the aortic and tricuspid 
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leaflets noted (Fig. 0). The po&tcro-infeiior area is act utinired to dctoimine 
whether this is composed of a remnant of membranous septum or whether the 
remnant is absent and instead the leaflets of the mitral and tricuspid valves are 
continuous across this aiea. The proposed placement of stitches is considered 
so ns to avoid placing them directly postciior in a position which seems to 
invite conduction disturbances Should ventricular asystole or heart block 
occur ns a stitch is being placed, warning lias been solved that this stitch 
should be removed and not tied down. 


Ivalon 



big- 3 0— a, h, and c, Repair of \cntrlculnr septal defect using noncompressed poljvinjl- 
formal sponge Note In a the proxlndtj of aortic cusps to the stitches Misplaced deep 
stitches In this area maj tear an aortic cusp The area probably occupied by the conduction 
sjstem should be avoided in stitching 


On occasion, chordae tendineac attaching to the papillaiy muscle ot the 
conus paitly overlie these defects In such instances, they aio leti acted. 
Mattress sutuics of 2 0 silk aie then placed for repair so that they grasp one 
side of the defect, pass through an appropriately trimmed piece of noncorn- 
pressed polyvinyl-formal (Ivalort) sporrge and then through the other edge 
of the defect (Fig. 10) As tire mattress stitches are tied down, they bring 
the edges of the defect together against the interposed sponge to obtain a 
secure closure The hnc of closure rs parallel to the direction of outflow from the 
right ventricle hut is at right angles to the direction of outflow from the left 
ventricle The opportunity for distortion of aortic valve leaflets is minimized 
because of this. 
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Sometimes the placement of these sutures in the inferior aspect of the 
right edge of the defect, as viewed from the right ventricular side, is diffi¬ 
cult. This area may he formed by the tricuspid valve ring itself and is 
partially overhung by the septal leaflet of this valve. The most inferior pair 
of mattress sutures may, in such instances, be inserted into this margin of the 
defect through the tricuspid ring, penetrating it from the right atrial side. 
These sutures then go through the sponge and left edge of the defect to be 
tied down. If the defect lies completely beneath the septal leaflet of the 
tricuspid valve, it is often best to place all the mattress sutures into the right 
margin of the defect by suturing through the tricuspid valve ring (which 
forms this margin of such defects). 

After the mattress sutures have been tied down, the repair is carefully 
scrutinized for residual tiny defects. If present, these must be securely closed 
by additional stitches. Likewise, after the obvious large defect is closed, the 
septum should be examined for smaller defects elsewhere. Bronchial blood 
coming to the left side of the heart will tend to appear through these small 
additional defects after the large one has been blocked. Such defects are 
closed by direct suture. 

COMMENT 

The use of noncompressed polyvinyl-formal sponge in the manner de¬ 
scribed has been exceedingly satisfactory. The technique must be slightly 
altered for other types of “high” ventricular septal defects, although the basic 
principles are the same. 

Direct suture of the “high” defects was employed in the first 3 of the 36 
eases and in one later case which seemed ideally suited to it. Perhaps direct 
suture could be used more often than it was employed in this series but experi¬ 
ence with the third case in which it was used discouraged its frequent applica¬ 
tion. In this case, the patient died eight hours after operation and necropsy 
disclosed that the suture line had partially disrupted, making the repair very 
incomplete. This, phis other experiences in the operating room, has lent 
conviction to the belief that the living ventricular septum allows tight stitches 
to cut through rather readily. In these large lesions, the use of a securely 
anchored polyvinyl-formed sponge to help fill the tissue defect allows a snug 
repair -without the stitches having to be drawn too tightly. 

SUMMARY 

A thorough understanding of the surgical anatomy of ventricular septal 
defect is essential to the successful treatment of it. Particular attention must 
be given to the variation in location of the defects. Exact knowledge of the rela¬ 
tion of the defect to aortic leaflets, mitral and tricuspid leaflets, and the bundle 
of His is of inestimable value. The technique that has proved most satisfactory 
to date is described. Emphasis is placed on the necessity for precision in the 
repair to avoid damaging adjacent structures and to ensure absolute and perma¬ 
nent closure. 
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Further experience since submission of this manuscript h is mused the authors to adopt 
the routine use of potassium induced cnrdim ns\stole in the rrjnir of ventricular septal 
defects It is to be pointed out tlmt the details of the actual closure with this technique are 
somewhat different than those described m this piper This m noted in an attempt to void 
misleading tho o interested m this field as to the method of ripur now being employed by us 
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Discussion 

DR C W' LILLEHEI, Minneapolis, Minn—I rise to heartily endorse tho aery fino 
presentation of Dr Kirkhn, and to comment upon one of tho ancillary problems related 
to closing septal defects that was not touched upon b\ cither Dr Kirkhn or Dr Warden 
due to time limitations I refer to the occurrence and persistence of complete heart block 
in occasional patients following intrncnrdinc surgen I think it would be presumptuous 
to say that this problem has been solved, but we hti\o learned a good deal about its 
management by the empiricism of tml and error nnd, since many moro surgeons will be 
undertaking the«*o procedures m the nenr future, it mni be of \nluc to summarize briefly 
some of the information of value that 1ms been obtained b\ this pnmfulh slow method 
of inquiry 

The incidence of complete heart block Ins been about 12 por cent in tho patients 
ha\ mg xentnculaT septal defects repaired 

There are probably two important elements inherent m the causation of this com 
plication, one is tho placement of the stitches so as to miure or interrupt the mam con 
duction pathways I'll say a further word about that m a moment The other element 
is a little more difficult to define precisely, but is related to tho status of the patient's 
cardiac reseT\e That is, among the patients haying yentncular septal defects closed, 
there haye been 11 cases of complete heart block and all hay e occurred m the patients 
with seyere pulmonary hypertension, that is, m the group where the pulmonary pressures 
exceeded 70 to 80 per cent of the systemic pressures Thus, there is an increased pre 
disposition to block where the myocardial reserve is less In fact, in an occasional in 
stance in such a patient, we have seen complete heart block occur before any stitches had 
been placed in the heart The same consideration applies to the patients with tetralogy 
of Fallot, in those in whom the myocardium is severely hypoxm or the cardiac reserve is 
lessened greatly, heart block is more likely to occur 
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The conduction tissue has a high glycogen content and the pathways may be clearly 
demonstrated in the fresh heart by painting the septum with Lugol’s solution. 

(slide) These color photographs, prepared by Dr. Rivkin of our staff, show the 
anatomy of the conduction pathways in a fresh canine heart stained in tins fashion. The 
atrioventricular node is shown here at the base of the interatrial septum lightly cramad 
to the coronary sinus. The atrioventricular bundle is seen as it proceeds horizontally 
forward reaching the inferior edge of the membranous portion of the interventricular 
septum where it divides into left and right branches (bundle of His). Note in this photo¬ 
graph how quicklv the left bundle, as it descends toward the apex, fans out into a diffuse 
broad sheet of fibers lying subendocardially. This diffuseness is a favorable anatomic 
circumstance for the surgeon since it makes it less likely that a single stitch will encom¬ 
pass the entire left bundle. 

In this photograph of the right side of the septum in the same heart, the right 
bundle branch is seen as a continuation of the atrioventricular bundle It passes un¬ 
divided, subendocardially, to the anterior papillary muscle at which point it commences 
to branch out over the right ventricle. 

Now in the tvpicallv located ventricular defect due to absence of the membranous 
centum this inferior margin of the membranous defect (apex of the muscular portion of 
the septum near the anterior margin of the tricuspid septal leaflet) is the most vulnerable 
area since a single stitch deeply placed here may encompass both right and left bundles 
causing complete heart block. In this area, we prefer placing our closure stitches on the 
rlht ventricular aspect of the defect margin, parallel with the defect margins and not 
too deeply (so as not to penetrate to the left side). Thus, we often get a right bundle 
1,ranch block, but tl.is is innocuous since the rate and rhythm of the heart remain un 
rh'anoed If complete block is seen to occur with placement of a particular stitch, we 
generally remove the offending stitch and replace it in a slightly different place. This 
'• maneuver may or may not be of value but if it is not we continue with the closure 
■Itches regardless, since our primary objective, if the patient is to survive, must be to 

close the defect. . , , . .. . 

The treatment that has proved lifesaving in those patients, in whom complete block 

persists has been constant vigilance together with the use of the drug Isuprel (isopropyl 
Woarterenol). Death in patients with complete block occurs because the rate falls so 
nw that the systemic pressure and coronary circulation deteriorate due to the diminished 
output and cardiac arrest occurs. Successful treatment requires keeping the heart rate 
above this critical level (about 80 to 100 per minute m surgical patients) for a sufficient 
time interval until sinus rhythm recurs or the circulatory system has had a chance to re¬ 
adjust to the slower rate. In our first 3 patients we used epinephrine, ephedrme atropine 
and lactate for this purpose. They all produce some temporary beneficial effects, but all 
3'patients eventually died due to their block. 

1 a litt)e S ] 0 „. to trv Isuprel because an intravenous preparation was not 

available Commercially. However; it is available now from Winthrop Stearns Company 
* r , 1-50 000 solution and give 0.5 to 3.5 c.c. intravenously to infants, and up to 2 

We use - - dose with this dose the heart rate will accelerate and the effect 

and 3 c.c. o Qr twentv minutes. In some cases, there may actually be a sinus 

often as * pers j st for a variable period, but often relapses again into complete 

rhythm u ot!lcr ^ases, Isuprel merely keeps the heart rate at an acceptable level, some- 
bloc'. u o ‘ , tg per minute. Three or four hours after surgery, when the 

v here alO've ' c»,,ntvliof mid tin* honrf blimp vtill 


patient’s condition has stabilized somewhat and the heart block 
usuallv switch to the use of Isuprel l.nguets 5 to o mg., given r„ 
administration is more satisfactory for long-term therapy masmu, „ 
duced within about thirty minutes which lasts from two to fon, ho, , 
patients must be monitored constantly by electrocardiography, if -n, 
it has in all of our survivors, Isuprel should be continued m grad.,am 
ties for another ten to fourteen days to prevent sudden deaths m. 


■’till persisted, we 
'• by. This form of 
a- an effect is pro- 
fn all cases these 
ihythni recurs, as 
diminishing quanti- 


to recurrence of com- 



\ ol in t- 33 
N n ber 1 


^URGEUA TOR M MRIOUIAR SEPT AT, DEFECT 


50 


plcto blocl Occasionally I«*nprcl lias appeared to lose its effectiveness, and this lias been 
restored 1)3 lombimng tin Isuprel with relativch small doses of intravenous molar lactate 
Utilizing I^uprcl, 5 of the last R patients developing complete heart block after closure of 
their ventricular defect have been saved, and nil have recovered a sinus rlnthm before 
leaving tho hospital 

UK ALTAI D BLYLOCK, Baltimore Md —Dr Jdward Churehill sud at a recent 
meeting, when called upon to t ill that ®*i mor Memla rs should be seen but not heard I 
cannot resist the temptation to congritulatc the ptoplc who have presented these papers It 
is fascinating work, and I ini sure that when vou 1 eemm as old ns I am vou will look back 
on this era of tho beginning of mtrmardme surgen with a great deal of pleasure Ccrtamlv 
this meeting has been a most interesting oik and I linvi listened ver} intcnllv In leaving 
for home I do not know quite winch attnek to prefer I am inclined to think that, whereas 
mngmficant r<suits have letn obtained bv the group m Minneapolis, probiblv the Kirklin 
modification of the Gild on appiratus is todav the best procedure to follow I would predict, 
however, that in ten vears this would stem ns outmoded ns some of vou regard some of the 
prO(<durts done ten vtars ago 

T was interested to hear lolui Kirklin nt the beginning of his paper call these “corrcc 
tivc procedures” I trulv believe this to be a hotter term than that used in Minneapolis, 
“curative procedures particular interest is in the tetralogv of Fallot, some of which maj 

le pnrtinllv corrected bv previous techniques In speaking of that lesion nlono at the 
moment, when there is a mortalitv, as I understand Ur Anno repoited m New York recentlv, 
of 45 jtr cent, and when the patients have loin followed for ven short periods, I do not 
think—and I will admit to being old fashioned—that tins should ns vet le called a curative 
procedur< I do not wish to itidu ite that I am not fnscmntid and thrilled bv these results 
which have been reported not onlv this afternoon but throughout the meeting I might sav, 
however, that developments are going so f i*t that the faster I run, tho further I get behind 

UR TOHN V IvIRKLIK (Closing)—I am sure tint everyone in this audience is in 
debted to Ur Blaloik for his comments on this problem Certainty those of us who are 
voting and cnthusnstic do not at times lmvc the privilege of looking at tilings in their proper 
perspective 

I would like to second what Ur I lllchei has mud about the conduction svstem In m\ 
anxictv and nervousness I forgot to point out sonn thing on the slide 

(slide) Dr Lilhhei has nlreadv mentioned this, l ut just to emphasize tho point which 
we both feel is verv lmjortuit in this inferior angle is the presumed locition of the con 
duction system Ccrtamlv wo feel, although the ovideneo is perhaps not conclusive, that one 
should not put n stitch in that area I thud quoting results as evidence is alwavs open to 
consider ible question, but for wlmt it is worth in tho last 25 cases closed by tins repair, we 
have had no heart block In tho cases done prior to that, 10 or 11, wc had three heart blocks 
One j atient died on tho sixth postoperative dnj The other 2 survived with the Isuprel tech 
mque mentioned and resumed a normnl sinus rhvthni Certain!} it is a complication that we 
would all like to avoid Thinking of those methods employing purposeful cardiac arrest, I 
suppose one question that must be asked when one is employing this technique is whether the 
advantages outweigh the disadvantage of not knowing when to withdraw a stitch should 
block occur 

Dr Gcrbodo asked me to sav a word about common atrioventricular canal That of 
course is a totallv different tvpo of defect with regard to technical considerations It is an 
operable defect Wc hive had the opportunity to operate on 9 of these patients and 6 of 
them have survive 1 opcintion, vve have lost 3 Me cannot realty say for certain but, for what 
it is worth, it seems to mo that this is the place where I would almost be walling to sa) it is 
absolutely necessary to use i prosthesis There is a large tissue defect and it would seem 
that repair b} direct suture must always be under considerable tension, and one wonders 
if that does not predispose in some vv a\ to 1 enrt block 
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D IFFERENT types of heart-lung machines are now in clinical use. 1 ’ 2 All 
these types of mechanical devices have as their function the removal of 
venous blood as it returns to the heart, its arterialization and return to the 
aortic system, thereby taking over the function of the heart and lungs. There 
are, at the present time, two points of view as to the method of by-passing the 
heart and lungs using the varius types of machines. First of these involves 
the circulation and arterialization of a portion of the total blood volume. This 
is referred to as the low flow principle in extracorporeal circulation. 3 The 
desirable amount of blood to circulate in the low flow principle has not been 
definitely decided upon and has varied from 20 c.c. per kilogram of body 
weight per minute up to 50 to 60 c.c. per kilogram of body weight per min¬ 
ute. The normal blood volume in man is approximately 78 to 84 c.c. per kilo¬ 
gram of body weight, being slightly higher for males than for females. 4 Pa¬ 
tients with left-to-right intracardiac shunts have greater than normal blood 
volumes because of the great amount contained in the dilated pulmonary ves¬ 
sels. The second principle in the extracorporeal circulation is the circula¬ 
tion of the total blood volume. There are advantages and disadvantages to 
both plans in the extracorporeal circulation. This manuscript deals with the 
circulation of the total blood volume, its complete arterialization, and the 
maintenance of normal systolic and diastolic arterial pressures. 

LOW FLOW PRINCIPLE 

One of the chief reasons why the low flow principle is being carried out 
in extracorporeal circulation is the fact that it has not been possible, hereto¬ 
fore, to handle the total blood volume, to completely arterialize it, and to 
maintain normal pressures. While this has been discouraging over the years, 
it seems more hopeful that this plan will become a practical procedure. The 
advantages of a low flow circulation are that this can be handled more easily, 
that the apparatus needs to be less formidable and, more importantly, that 
the injury to the blood may be less because the amount which is circulating 
outside the body at a given time is less. There seems to be no definite advan¬ 
tage in the low flow principle aside from these facts. 

Fr° m the Research Division of Harper Hospital and the Research Laboratories Division, 
General Motors Corporation, 

Aided by a grant from The Michigan Heart Association. 

Surr-fWF'h at the Thirty-sixth Annual Meeting of The. American Association for Thoracic 
fcerj at Miami Beach, Fla.. May 7 to 9, 1956. 
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Theie ate obvious disndv outages 1o the low flow punciple The circu¬ 
lating blood a olume is less and, theiefoie, the oxjgon winch is transported to 
the tissues is dehmteh Uss This is the chief and most important disadvantage 
of the punciple With low flows, the aitcnal piessuics me lowei than if nor¬ 
mal flows me used While these disadvantages may not be so gieat ns to lead 
to death, it would seem bcttei if the subject could be maintained on lioimnl 
physiologic stnndaids In voting patients, cnculation, of course, can be shut 
off foi short periods of time If one then circulates a small amount of blood 
viInch is piopeilv mteiialired this puiod of occlusion can he extended foi 
vniving pcnods of time It seems, theiefoie, that the use of the low flow 
principle, os the goal, m extiaeoipoical cnculation is not satisfnctoiv 

While main successful operations on patients have been pcifoimed with 
open cardiac surgery maintaining substandard physinlogrc pioecsscs, it would 
seem logical to believe tint, if noiinnl plivsiologic values were maintained, the 
over all lesults would be supeiioi 

TWOINNOV VTIOXS 

I’ot a desenption of the nppaiatus used, the lindei is lefeired to our 
ptcvious publications 5 0 Ilowcvei, two innovations have been made m the 
plan of the opeiativc technique The first of these consists m a so called ex 
change transfusion in which the patient’s blood is paitiallv icmovcd togethei 
with some donoi blood, placed m a piopeilv piepared flask beside the opciat 
mg table w hilc the p iticnt is maintained on the remmndci of lux own blood 
togethei with donoi blood At the conclusion of the pumping time, the used 
blood is washed out to a ceitam extent, while the onginal blood is letuincd to 
his system, following which the pump aitenali/ei is disconnected from the 
svstem The second innovation is m the lctum of the blood to the aoitic 
xy stem This is accomplished hv suturing onto the side of the descending 
aorta, just below the ongm of the left subclavian aiteiy, a homologous aortic 
graft of sufficient si/e and caliber to peimit the icturn of the total cnculation 
to the aoita without its having to go tlnougli a naiiow oiifiee such as the left 
subclavian aiteij 

Uschoiige Tinns/uston — 

One of the majoi drawbacks to extiaeoiporeal cndilation has been the 
injury to the blood Some of these injunes aie known while some aie un¬ 
known It has been customaiy to think of the mjuiy to the blood only m 
teims of hemolysrs of the led cells Inasmuch as the mjuiy to the blood 
maj be due not only to the actual phjsical trauma but also to complex changes 
in the chemical and enzj me systems, the amount of hemolysis m the blood is 
one of the ancillaij manifestations of the total ovei all alteiation m the blood 
constituents One of the discouiaging complications, theiefoie, m extia 
corpoieal eneolation has been the development of the bleeding diathesis foi 
lowing the opeiative piocedure This bleeding diathesis may be pi evented in 
chffeient wajs It may be possible to add ceitam substances to the blood 
which will pi event its alteiation duiing the cxtiacorpoieal circulation Less 
tiaumatic machines may be constructed which will more nearly simulate the 
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D IFFERENT types of heart-lung machines are now in clinical use. 1 ’ 2 All 
these types of mechanical devices have as their function the removal of 
venous blood as it returns to the heart, its arterialization and return to the 
aortic system, thereby taking over the function of the heart and lungs. There 
are, at the present time, two points of view as to the method of by-passing the 
heart and lungs using the varius types of machines. First of these involves 
the circulation and arterialization of a portion of the total blood volume. This 
is referred to as the low flow principle in extracorporeal circulation. 3 The 
desirable amount of blood to circulate in the low flow principle has not been 
definitely decided upon and has varied from 20 c.e. per kilogram of body 
weight per minute up to 50 to 60 c.e. per kilogram of body weight per min¬ 
ute. The normal blood volume in man is approximately 78 to 84 c.e. per kilo¬ 
gram of body weight, being slightly higher for males than for females. 4 Pa¬ 
tients with left-to-right intracardiac shunts have greater than normal blood 
volumes because of the great amount contained in the dilated pulmonary ves¬ 
sels. The second principle in the extracorporeal circulation is the circula¬ 
tion of the total blood volume. There are advantages and disadvantages to 
both plans in the extracorporeal circulation. This manuscript deals with the 
circulation of the total blood volume, its complete arterialization, and the 
maintenance of normal systolic and diastolic arterial pressures. 

LOW FLOW PRINCIPLE 

One of the chief reasons why the low flow principle is being carried out 
in extracorporeal circulation is the fact that it has not been possible, hereto¬ 
fore, to handle the total blood volume, to completely arterialize it, and to 
maintain normal pressures. While this has been discouraging over the years, 
it seems more hopeful that this plan will become a practical procedure. The 
advantages of a low flow circulation are that this can be handled more easily, 
that the apparatus needs to be less formidable and, more importantly, that 
the injury to the blood may be less because the amount which is circulating 
outside the body at a given time is less. There seems to be no definite advan¬ 
tage in the low flow principle aside from these facts. 

„ From the Research Division of Harper Hospital and the Research Laboratories Division, 
General Motors Corporation. 

Aided by a grant from The Michigan Heart Association. 
q,, r at the Thirty-sixth Annual Meeting of The. American Association for Thoracic 
surgerj at Miami Beach, Fla., May 7 to 9, 195G. 
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There are obvious disadvantages to the low flow principle. The circu¬ 
lating blood volume is less and, therefore, the oxygen which is transported to 
the tissues is definitely less. This is the chief and most important disadvantage 
of the principle. With low flows, the arterial pressures are lower than if nor¬ 
mal flows are used. While these disadvantages may not he so great as to lead 
to death, it would seem better if the subject could he maintained on normal 
physiologic standards. In young patients, circulation, of course, can he shut 
ofE for short periods of time. If one then circulates a small amount of blood 
which is properly arterinlized, this period of occlusion can he extended for 
varying periods of time. It seems, therefore, that the use of the low flow 
principle, as the goal, in extracorporeal circulation is not satisfactory. 

While many successful operations on patients have been performed with 
open cardiac surgery maintaining substandard physiologic processes, it would 
seem logical to believe that, if normal physiologic values were maintained, the 
over-all results would he superior. 

TWO INNOVATION'S 

For a description of the apparatus used, the reader is referred to our 
previous publications. 5 ’ 0 However, two innovations have been made in the 
plan of the operative technique. The first of these consists in a so-called ex¬ 
change transfusion in which the patient’s blood is partially removed together 
with some donor blood, placed in a properly prepared flash beside the operat¬ 
ing table while the patient is maintained on the remainder of his own blood 
together with donor blood. At the conclusion of the pumping time, the used 
blood is washed out to a certain extent, while the original blood is returned to 
his system, following which the pump arterializer is disconnected from the 
system. The second innovation is in the return of the blood to the aortic 
system. This is accomplished by suturing onto the side of the descending 
aorta, just below the origin of the left subclavian artery, a homologous aortic 
graft of sufficient size and caliber to permit the return of the total circulation 
to the aorta without its having to go through a narrow orifice sueli as the left 
subclavian artery. 

Exchange Transfusion .— 

One of the major drawbacks to extracorporeal circulation has been the 
injury to the blood. Some of these injuries are known while some are un¬ 
known. It has been customary to think of the injury to the blood only in 
terms of hemolysis of the red cells. Inasmuch as the injury to the blood 
may be due not only to the actual physical trauma but also to complex changes 
in the chemical and enzyme systems, the amount of hemolysis in the blood is 
one of the ancillary manifestations of the total over-all alteration in the blood 
constituents. One of the discouraging complications, therefore, in extra¬ 
corporeal circulation has been the development of the bleeding diathesis fol¬ 
lowing the operative procedure. This bleeding diathesis may be prevented jn 
different ways. It may be possible to add certain substances to the L 1 
which will prevent its alteration dm "Re cjjyy^rporeal^circulation. 
traumatic machines may be cons’ , 0 re ■ ’ ’ 



heart and vascular system. Finally, the injured and deleterious components 
of the blood may be removed, or partially removed, in a process of exchange 
transfusion similar to that which is performed in erythroblastosis fetalis. In 
this condition, the infant’s blood is incompatible with its own system. The 
noxious elements may be partially removed by process of exchange transfusion 
whereby a quantity of the patient’s own blood is removed and replaced with 
compatible donor blood. It is not necessary or possible to remove all the pa¬ 
tient’s blood in this condition but, rather, the noxious elements are diluted 
down to the point where they are sublethal. 

When one operates on a small patient who has a blood volume of 500 
to 1,000 c.c. of blood, there is almost complete removal of his blood in the 
extracorporeal circuit. At least, one removes a large part of the patient’s 
blood and replaces it with mixed donor blood. While this can be done ef¬ 
fectively in most cases, it is probable that certain complications in cross 
matching and incompatible blood might possibly enter into the picture. On 
the other hand, if a fairly good portion of his own blood is preserved and re¬ 
turned to his circuit at the end of the operation, these possible complications 
might be obviated. 

At the conclusion of any pumping period, it is probable that the serum 
potassium is elevated in all cases. This degree of elevation is not necessarily 
parallel, or dependent upon, the amount of hemolysis in the blood. This can 
be greatly reduced by the exchange transfusion at the conclusion of the pro¬ 
cedure. 

While it may not be necessary for short runs, such as thirty to forty min¬ 
utes, one never knows exactly how long will be required to repair the defect. 
Moreover, the time is now at hand when more complex defects may be repair¬ 
able. The fact of the matter is that there are no nontraumatic heart-lung 
machines available at the present time. 

When we are ready to place the patient on the pump arterializer, he is 
given heparin solution in the amount of 4 mg. per kilogram of body weight. 
At the conclusion of the procedure and after the eannulae are removed from 
the patient, he is given protamine sulfate in the proportion of 1.2 to 1 of the 
amount of heparin. The clotting mechanism has returned to normal in all 
cases within forty-five minutes from the time the protamine has been admin¬ 
istered. In these patients who have been carefully studied as to their clot¬ 
ting times postoperatively, we have seldom observed the so-called rebound 
phenomenon, that is, having the clotting times repeatedly return to normal 
but in a few hours rise again to a prolonged clotting time. The actual ex¬ 
planation for this rebound phenomenon has not been forthcoming but we sug¬ 
gest that a possible explanation of this is the postoperative breakup of the red 
cells which, in itself, may release additional hepaiin. 

The advantages of this exchange tiansfusion are so great and so protean 
that time and space do not permit a complete statement of its advantages. 
Suffice it to say, that the adAantages aie great and that the possibilities for 
good have not been completely utilized. Moreover, aside from the mechanical 
heart-lung work, this may be of some use in other forms of clinical surgery in 
which uncontrolled bleeding from unknown causes ensue. 
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It lins occurred to us, therefore, that since complex alterations may be 
taking place in the blood during extracorporeal circulation which may not 
bo fully understood at the present time, to remove the noxious elements by 
performing a so-called exchange transfusion. With the pump artcrializer con¬ 
nected to the patient, the technical aspect of the procedure is extremely 
simple. 

PUMP 



l.—A diagrammatic illustration of the technique of removing the patient’s blood 

Technique of exchange transfusion: With the pump arterializer con¬ 
nected to the patient as for extracorporeal circulation, tlic apparatus is turned 
on and blood is allowed to enter the aorta under normal pressure while the 
venae cavae blood is allowed to collect in a properly prepared vessel by the 
side of the operating table (Pig. 1). Normal aortic arterial pressures must be 
maintained in order that the volume of blood put into the aorta may he equal 
to that which is removed from the venae cavae. It is amazing that under 
these circumstances the volume of blood which is collected by the side of the 
operating table practically always equals that which is put into the arterial 
system. Obviously, there is mixing of the donor and patient’s blood during 
the procedure. It has been our practice to remove one and one-half times the 
calculated volume of the patient’s blood. This is an arbitrary figure but has 
been found to be satisfactory in the amount of the patient’s actual blood 
removed. Using radioactive serum albumin for blood volume determinations, 
it has been found that the removal of one and one-half times the patient’s 
volume results in the removal of from 35 to 40 per cent of his own actual blood' 
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(Fig. 2). At the conclusion of the extracorporeal circulation, this volume of 
blood is passed through the pump arterializer one time and returned to the 
patient’s circulation following which the pump is disconnected from the vascu¬ 
lar system (Fig. 3). 
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Pig. 2 —Blood volume studies on 3 patients Radioactive isotope technique using iodinated 

human serum albumin. 
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<’ig. 3.—Diagrammatic illustration of returning the patient’s own blood to his 

vascular system and the simultaneous removal of the used blood. 


Return of the Blood to the Aorta .— 

It is our belief, based upon several years’ experience with extracorporeal 
circulation, that it is not possible to maintain good arterial pressures by re¬ 
turning the subject’s blood volume by way of the subclavian artery. This is 
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obviously true when one considers that the orifice of the subclavian artery 
may be only from one third to one fourth the actual size of the aortic valve 
through which the blood volume has been ejected in the subject. Also, the 
return of the blood to the nortie system by way of the small subclavian orifice 
is obviously one of the major points in the turbulence of the blood. More¬ 
over, the return of the blood through a small orifice dissipates the pulse pres¬ 
sure to a large degree. While it has not been definitely shown that a pulse 
pressure is necessary, we believe that it is desirable to maintain it, if possible. 
Likewise, the maintenance of normal arterial pressure both systolic and di¬ 
astolic during the extracorporeal circulation has not been proved to be abso¬ 
lutely necessary to life for short peiiods. While many patients throughout the 
country have been successfully operated upon with good recovery with a low 
arterial pressure during the extracorporeal circulation, the desirable thing 


7 


Fig 4 —Diagrammatic Illustration of an aortic graft sutured onto the side of the descending 

aorta 

to do is to maintain normal systolic anil diastolic pressures according to our 
normal standard physiologic values. This can be accomplished only by the 
return of the blood to the aorta through a larger orifice than the left subclavian 
artery, in fact, the orifice should be essentially and nearly equal to the aortic 
valve of the particular subject being operated upon. 

We are, therefore, making a linear incision on the lateral surface of the 
aorta just below the oiigin of the left subclavian artery, suturing onto this an 
arterial graft of proper size and caliber (Pig. 4). This orifice is'usually made 
as large as tlie approximate diameter of the aorta itself. 
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fact that this adds something to the operative procedure but we are willing 
to accept this disadvantage for the obvious advantages one obtains in having 
complete control over the extracorporeal circulation once it is connected. 
This is our first attempt to return the blood through a large orifice. There 
may be more simple and practical ways of doing it than the suturing on of a 
graft on the side of the aorta. 

APPLICATION TO PATIENTS 

AYe have applied this new technique to a group of 6 patients. The types 
of anatomic defects operated upon have all been interventricular septal de¬ 
fects with the exception of one patient with tetralogy of Fallot, who inci¬ 
dentally survived. They have been maintained on normal physiologic stand¬ 
ards insofar as we have been able to determine. These physiologic checks 
include the electrocardiogram, electroencephalogram, intra-arterial and cen¬ 
tral venous pressures together with the usual blood checking data such as 
arterial oxygen saturation, plasma carbon dioxide, and pH. The pumping 
period has varied from twenty-one minutes to fifty-two minutes’ time. The 
average has been twenty-five to thirty minutes. The prolonged pumping 
period in the one patient resulted because of the fact that, after the ventricu¬ 
lar septal defect in the high membranous septum had been closed by method of 
suture, there was a rupture in a separate portion of the septum aside from the 
suture line and a large defect resulted. This required an additional thirty- 
five minutes to repair. In some of the instances, the physiologic data have 
been more normal while the patient was on the pump arterializer than immedi¬ 
ately before he was put on it. 

In these six attempts, using this method, 3 patients have died postop- 
eratively giving us an operative mortality of 50 per cent. Two of these pa¬ 
tients were operated upon earlier when the method of inflating the lungs 
with helium was not currently practiced and both of these patients succumbed 
to pulmonary atelectasis (Fig. 5). A third patient died from intrapericardial 
hemorrhage forty-eight hours, postoperatively. All of these patients have 
temporarily recovered from the procedure and have lived at least forty-eight 
hours. 

VOLUME FLOWS 

Using this plan of returning the blood to the aorta through a large orifice, 
we are able to maintain perfectly normal blood flows. It is our experience 
that in patients with congenital heart disease with a left-to-right shunt that 
the total circulating blood volume is in excess of normal values. In all of the 
cases to date, it has been found that the circulating volume has been from 
90 to 100 c.c. per kilogram of body weight per minute using radioactive albu¬ 
min. This has actually been the blood flow in all cases which has been de¬ 
termined by a AYier-type flowmeter. 

One of the amazing phenomena or observations following this plan is 
that the amount of postoperative drainage is extremely small. Of the 6 pa¬ 
tients, all of whom survived at least forty-eight hours postoperatively, in only 
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one was there a drainage of from 300 to 350 c.c. of serum. In all the others the 
drainage was so minimal that it was hardly measurable. This, in itself, indi¬ 
cates to us that the enzyme mechanisms of the blood are essentially normal. 

TYPE OF SUTURE USED IN REPAIR OF INTERVENTRICULAR SEPTAL DEFECT 

Fig. 6 illustrates a figure-of-eight type of suture which was used to ap¬ 
proximate the septal defect. While this may not be accepted by all as su¬ 
perior to a single interrupted suture, it is the impression that a figure-of-eight 
stitch properly placed actually has less pressure upon a given point of the 
tissue than if a single interrupted one were used. 



Fig-. 6 —Illustration of a figure-of-eiglit tvpe of suture for repair of inter\ entricular septal 

defects 

PHYSIOLOGIC DATA USING THE EXCHANGE TRANSFUSION AND THE LARGE ORIFICE 
IN THE AORTA FOR THE RETURN OF THE CIRCULATION 

Fig. T illustrates the patient’s blood presssure before, during the exchange 
transfusion, and after being completely on the pump arterializer. It is seen 
at a glance that the systolic and diastolic pressures both during the exchange 
transfusion and subsequent to it, during the pumping period, are entirely 
normal, being about 120/80 mm. fig. It has been the experience of most in¬ 
vestigators that during the pumping period the arterial pressure tends to drop 
somewhat during the period. It has been our experience, on the other hand, 
that, uniformly, the pressure rises as the pumping period continues and 
stabilizes near the preoperative level. This is illustrated in Fig. 8 One un- 
physiologic phenomenon which we have observed during this procedure is the 
rise in the venous pressure. This rise in venous pressure does not necessarily 
mean that too much blood is being pumped. It may be adequately explained 
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one was there a drainage of from 300 to 350 c.c. of serum. In all the oij> 
drainage was so minimal that it was hardly measurable. This, in its<\i 
cates to us that the enzyme mechanisms of the blood are essentially mu 

TYPE OP SUTURE USED IN REPAIR OF INTERVENTRICULAR SEPTAL DEPKC r 

Fig. 6 illustrates a figure-of-eight type of suture which was used 
proximate the septal defect. While this may not be accepted by all ; 
perior to a single interrupted suture, it is the impression that a figure-oi 
stitch properly placed actually has less pressure upon a given point < 
tissue than if a single interrupted one were used. 



FI?. 6 —Illustration of a figure-of-eight tvpe of suture foi 

defects. 

PHYSIOLOGIC DATA USING THE EXCHANGE TRANSE 
IN THE AORTA FOR THE RETURN Or 

Fig. 7 illustrates the patient's blood pres 
transfusion, and after being completely on 
at a glance that the systolic and diastolic 
transfusion and subsequent to it. durin , 
normal, being about 120 80 mm. Hg. J 
vestigators that during the pumping pc 
somewhat during the period. It has '* 
that, uniformly, the pressure rises 
stabilizes near the preoperative l<r 
physiologic phenomenon which w 
rise in the venous pressure. Tb* 
mean that too much blood is 1 
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The pH Vohm .—During our jnevious investigative ivork over tlie years, 
it was our experience that during the pumping period the pH of the blood 
tended to drop below normal values. This has been thought of and has been 
spoken of as due to metabolic acidosis and was thought to be due to insufficient 
circulation. It is interesting to note that, with our plan of total extracorporeal 
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Fig 11 —The pH determination*? by the Beckman pH meter. Before pumping and 
toward the end of the pumping period in 6 patients 

Fig 12—Platelet counts before and after extracorporeal circulation In 6 patients. 


circulation maintaining normal systolic and diastolic blood pressures, this 
fall in pH does not take place. Fig. 11 illustrates the pH taken during the 
pumping period and illustrates a perfectly normal value. To our experience, 
this can only he obtained by the maintenance of normal systolic and diastolic 
pressure and a maintenance of normal flow. 
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Blond Platelet's —The blood platelets wcie counted befoic .ind imntcdi 
ntclv nftu the pumping time No destruction is seen (Fig 12) 

Electsocnctphalotiiam —The tlectiociicephalogiam was taken oil all cases 
This was found to be noimal e\ee])t foi a bnef pcnod, lasting two to tinec 
minutes dining the exchange tiansfnsion, when theie was some abnormality 
(Fig 13) 

Sl/MM Ut\ 

Two mnoMitions m cxtincoipoical emulation me pusuitcd The flist 
imohes tlic so called exchange tiansfnsion in winch a poition of the blood 
is icmoicd and ]>1 iced on the opdating table while the pitiont is maintained 
on donoi blood At the conclusion of the pioccdutc, the oiiginnl blood ic- 
moied is letuincd to Ins system following winch the pumping douce is dis 
connected Indieitions aie that the blood is essentialll nonnal following this 
pioceduit 

3 ho second ninoiation imohes the sutuung of an aoitic giaft on the side 
of the aoita piodiieing a huge otificc thiough which the aiteiialired blood 
is i etui lied to the si stem 

Using this plan of pioctduie, the total blood lolumc of mil subyect can 
be piopeily nitemh/cd and the systolic and diastolic at tonal piessuie mam 
tamed aeeoidmg to nonnal slandaids Indications fiom lanous physiologic 
data show that the total body physiology is likely to be moie noimal using this 
plan of cnculation 

By this pioccduie, G patients base been opciatcd upon employing this 
technique Bui mg the pioceduic, ximoux data base been lecoided which in 
elude the aitenal piessuie ccntial venous ptessute, the eflects on the clectio 
eneeplialogiam and the olectiocaidiogiam Vanous blood ehciiustiy data 
have been piesented All data obtained indieitc a moie noimal bode physi¬ 
ology can be obtained than has heictofoic been lllustintod 
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Discussion 

DR JOHN H GIBBON, TR, Philadelphia, Pa—In the first place, I would like to say 
that, as Dr Dodnll well knous, I am in complete agreement with his point of view that we 
should attempt to have as nearly normal conditions as possible during the period of open 
mtracardiac surgery, just as during any operative procedure In other words, we would 
like to avoid hemolysis of the blood, vve would like to have the blood adequately saturated 
with oxygen, we would like to have a normal blood flow, and we would like to avoid either 
acidosis or alkalosis I could not be more heartily in fav or with that pr *■ - 
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tainly his figures of venous- oxj-gen saturation would indicate that he had an adequate 
blood flow during the period of by-pass. I would be the first to agree that probably more 
things happen to the blood passing through an artificial circuit outside the body than the 
obvious things which can be detected by measurement, such as the breaking down of the 
cellular elements of the blood. Many of us have been studying the blood and have found 
great difficulty in putting our fingers on anything specific, except the fact that the leuko¬ 
cytes and platelets tend to decline in concentration. The effect upon the erythrocytes can 
be detected by studying the amount of free hemoglobin in the plasma. 

I was sorry Dr. Dodrill did not indicate the level of free hemoglobin in the plasma 
of the donor blood. I presume it was reasonably high or he would not have employed 
an exchange transfusion. I take it also that the amounts of free hemoglobin in the plasma 
which he reported are the figures after replacement with the recipient’s own blood, and 
not those of the donor blood which was used during the by-pass. Many of us have reported 
the levels of free hemoglobin in the plasma, the decline in white blood cell count, and the 
decline in platelet count. The decline in platelet count is not severe enough to be re¬ 
sponsible for postoperative hemorrhage in our experience, and the decline in white cell 
count returns, in the course of several hours, to a normal level. 

Might I comment on some of } r esterday’s papers? I was extraordinarily interested in, 
and pleased to see, all the interest shown in the Forum program yesterday, and I regret 
that I left before the conclusion of the program as I assumed there would be no discussion. 
I merely wish to make one or two comments. I think that Melrose’s suggestion of ar¬ 
resting the heart by injecting a potassium salt into the aorta between an aortic clamp 
and the aortic valves, should be an extraordinarily helpful one. The demonstration that all 
that is neeesssary is to remove the clamp and wash out the coronary vessels in order to 
restore a normal beat, to my mind is very exciting and should prove very useful in intra- 
cardiac surgery of any sort, but particular]}- with by-pass through an extracorporeal cir¬ 
cuit. Cardiac arrest should decrease the amount of cardiac venous blood which returns 
to the cardiac chambers, which will be helpful from a technical standpoint. 

I was very much interested in Dr. Clowes’s presentation. Kolff, ten years ago in 
) Holland, told me that he was sure the artificial kidney would serve just as well as an arti¬ 
ficial lung. I told him I rather doubted it. It has turned out that it is an extraordinarily 
difficult problem, as Dr. Clowes showed yesterday, and he is to be congratulated for his 
persistence in working with it. It is hard enough to get sufficient gas exchange between 
the fluid blood and the atmosphere with a free blood-gas interface, and if you interpose 
anything between the blood and the gas it is going to slow down the process considerably. 
Nevertheless, as Dr. Blalock said, ten years from now we are all going to look back upon 
our present devices as though they were old T-model Fords. The future of the artificial 
lung, which is the important part of the extracorporeal circuit (the pumping is easy), mav 
ivell be w-hat George Clowes has shown. If one can avoid a free blood-gas interface and 
still accomplish an adequate gas exchange, then an enormous step in advance will have 
been taken and we will have got rid of a lot of problems. I hope very much that he and 
others will stay with this problem and finally come up with something that resembles the 
pulmonary capillaries, difficult as that may be. 

DR. F. D. DODRILL (Closing).—I wish to thank Dr. Gibbon for his discussion. The 
plasma hemoglobin on these patients with the total lieart-lung by-pass, using the large 
volume flows, has varied from 100 to 150 mg. per cent for thirty minutes’ duration. With 
the exchange transfusion at the conclusion of the procedure, we remove about 50 per 
cent of the increased plasma hemoglobin. In addition, we are removing approximately 
the same amount of deleterious substances, whatever they may be. 

It is obvious that the blood is one of the most complex substances with which the 
surgeon deals. Twenty years ago a textbook of physiology might devote about two pages 
to the blood-clotting mechanism where as now as many as fifty pages might be devoted to 
this subject. Inasmuch as this whole field of blood physiology is rapidly expanding, this 
simple matter of diluting or removing a portion of these deleterious elements will, I hope, 
be of help to others during similar types of work. 
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ventricle and atrium) than did its stenotic counterpart. Reports in the liter¬ 
ature, together with some of our own more painful clinical experiences, indi¬ 
cated that the acute production of mitral insufficiency of significant degree 
was attended by almost immediate disaster both to the experimental animal 
and to the human patient. As an adequate experimental and/or clinical study 
had never satisfactorily been made and reported, concerning the pathophysi¬ 
ologic changes in chronic mitral insufficiency, this aspect of the over-all prob¬ 
lem remained obscure except by inference and impression. Therefore, in 1952, 
on the thoracic surgical services at Episcopal and Presbyterian Hospitals and 
in the Cardiovascular Research Laboratory at Presbyterian Hospital, a con¬ 
centrated program for the study of mitral insufficiency was inaugurated and 
has been carried out continuously to the present time. 

PATHOPHYSIOLOGIC CONSIDERATIONS 

It goes without saying that before any concentrated study of the patho- 
physiologic derangements of an organ or, as in this case, a heart valve can be 
undertaken, a complete and thorough understanding of the normal anatomy 
and physiology must be basic knowledge. The first year of this program there¬ 
fore was spent studying the normal anatomy of the mitral valve and its leaflets, 
the mitral annulus, the myocardial configuration at the atrioventricular junc¬ 
ture and the relationships of all other structures adjacent to the mitral valve 
and its annulus. 1 As many of the hearts examined were the seat of mitral 
valve disease, both stenosis and insufficiency, certain concepts as to the pathol¬ 
ogy of mitral insufficiency were gained together with a knowledge of its 
intricate anatomy. 

With but minor variation it was learned that three basic features were 
present in the regurgitant mitral valve. First, and foremost, rheumatic valvu¬ 
lar disease in such cases results in an absolute loss of valve tissue. As the 
aortic (septal) and the mural leaflets of the mitral valve contract within their 
substance they lose contact with each other and are no longer able to coapt 
during ventricular systole. As a rule this contraction is greatest in the mural 
leaflet which frequently becomes almost nonexistent. Second, and concom¬ 
itantly, the chordae tendineae attached to the valve cusps become contracted, 
shortened, hypertrophied, and agglutinated tending further to fix the valve 
leaflets in a state of partial immobility. This effect increases the inability of 
the valve leaflets to coapt but it must be emphasized that even though con¬ 
tracted the leaflets (particularly the aortic) usually retained considerable 
pliability. Thus, during ventricular systole the mitral orifice remains open 
at a time when closure is necessary to properly and effectively direct the left 
ventricular outflow into the aorta. These two pathologic findings can obviously 
be termed “an absolute loss of valvular occluding elements.’’ A third pathologic 
entity is almost routinely present. In a sense it might be considered a result 
of the first two although actually it too may appear concomitantly with the 
first two pathologic findings. As a result of the fact that the mitral valve 
leaflets cannot adequately close with each ventricular systole, a considerable 
vascular stream is propelled into the left atrium. For a considerable time it 
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would seem, the left atrial chamber and its myocardium absorbs the effect of 
this jetlike shock by gradual dilatation and hypertrophy in so far as its myo¬ 
cardial elasticity will allow. The systolic jet and backpressure being inter¬ 
mittent and not sustained throughout the cardiac cycle (as it is in stenosis), 
the left atrium itself absorbs the total effect for an indefinite period and thus 
protects the pulmonary vascular bed and right heart from an increased pres¬ 
sure. In consequence, however, the left atrium enlarges constantly eventually 
to assume tremendous aneurysmal saclikc proportions. Simultaneously the 
left ventricle, laboring to maintain an effective systemic output under impaired 
hydraulic conditions, is overworked. It responds by gradual dilatation and 
hypertrophy. Thus, as ventricle and atrium enlarge, the common point of 
their continuity—the mitral annulus or atrioventricular ring—does likewise, 
thus dilating the circumferential base to which the valve leaflets arc attached 



PRE-OPERATIVE POST-OPERATIVE 

1 MITRAL INSUFFICIENCY MITRAL INSUFFICIENCY RELIEVED 

Fig: 1 -—This diagram Indicates the three major factors of pathologic deformity 
which contribute to " Irawlng on the left shows the \alve and 

ring prior to clrcum' drawing on the right Indicates the effect 

of the purse-string of annular size, lelaxation of chordae 

tendlneac and Mme more complete coaptation of leaflet edges 

find hinge. Tims, the third factor—dilatation of the mitral ring—is added to 
the production of mitral insufficiency. Now, not only are the contracted valve 
leaflets unable to close the mitral orifice but, with annular dilatation, the orifice 
to be closed becomes larger and a vicious cycle has been set up which cannot 
terminate other than by complete myocardial exhaustion. The concept, there¬ 
fore, is not merely that the left heart myocardium wears out from mitral in¬ 
sufficiency of stationary amount and degree but rather is faced with an ever 
increasing load due to slow, gradual but constant enlargement of the mitral ring 
and orifice. Two factors arc therefore at play—myocardial overwork and an 
ever increasing load (Fig. 1). 
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With this concept in mind it seemed obvious that any surgical correction 
must be directed toward the relief of all three of these factors which play a part 
in the production of mitral valve insufficiency. Heretofore, and for that matter 
even to the present time, most of the methods advocated for the correction of 
mitral insufficiency took into account only the fact that there was loss of valve 
tissue. Attempts were, therefore, made to repair or replace or add to the 
missing valvular occluding elements. Techniques employing prosthetic de¬ 
vices, 2 ' 8 grafts of pericardium or veins, 9 ' 16 or methods of suturing the leaflets 
to each other were tried by several surgeons. 2 ’ 0i 17 These procedures have 
been applied clinically to large numbers of unsuspecting patients despite the 
fact that little or no preliminary experimental work or evaluation was carried 
out. Further, in published reports, there is no objective evidence that these 
presumed corrective measures were effective. The clinical results have sug¬ 
gested, however, that such methods were unsatisfactory and disappointing and 
the eventual result in many of the patients has not been reported. 

To the authors there seemed to be but one approach. As little could be 
done directly to the valve leaflets or their chordae tendineae, the one remaining 
approach was to modify the mitral annulus. 1 ’ 18 ' 20 A possible solution seemed 
to be based on the principle of reduction of the size of the orifice which the 
valve must occlude. This obviously could only be accomplished by controlled 
constriction of the atrioventricular ring or annulus (see Fig. 1). The concept 
was doubly attractive because it implied the avoidance of intracardiac foreign 
bodies and utilized to the full extent all available functional valvular occluding 
elements which remained, however scarred or puckered they might be. Fur¬ 
ther, if one accepts the observation that mitral insufficiency progressively 
increases as the annulus continues to dilate secondary to enlargement of the 
left heart chambers, circumferential annular constriction with its fixation of 
the mitral ring should abruptly terminate the increasing degree of regurgita¬ 
tion even though it may not be possible to totally abolish all of the original 
insufficiency. This factor is of vast importance, for no operation, how r ever 
cleverly conceived, can be expected to completely remove in a routine manner 
all trace of insufficiency in the markedly diseased valves which one encounters 
in such cases. Any operation, therefore, which merely attacks a localized seg¬ 
ment of the mitral annulus cannot be expected to overcome indefinitely the 
problem of future annular dilatation. 

Two years were then spent in the animal research laboratory exploring 
the methods whereby an effective and at the same time innocuous circum¬ 
ferential suture could be placed about the mitral annulus. As might be ex¬ 
pected, innumerable problems arose. The experiences encountered and the 
technical solutions employed for the final development of the operation now 
called “mitral purse-string” have been reported in previous communications. 
These data have clearly shown that experimental mitral insufficiency produced 
by almost evezy coziceivable method can be routinely corrected by total annular 
constriction and documentary objective proof of this contention has been 
recorded. In additiozi to its ability to overcome the majority, if not all, of 
the mitral insufficiency present, it has been shown that mitral purse-string 
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docs not pioduce mitral stenosis, docs not mime the effective mjocaidntm, 
does not mime the coionnj aituial system, and when propeily placed does 
not cut tin ough into tin lumen of the left at mini oi pioduce approciahlc 
conduction defects Animals, m whom initial ltisufhciencv has been produced 
e\peilmentall} and emmtid hy total eontioiled ciicumfcicntial constiiction 
of the annulus, lme pusenth heen followed foi well ovei two veais and some 
20 such animals ait being lollowed up to Inc jenrs to deteimme the eventual 
status oi a sutmo so placed 

TIUINKJUI 01 uniut Vl'KSC STRING 

The technique m its fin il foim piescntly being employed m clinical initial 
lnsufhciencv, is outlined as follows The patient is phi ed in the light lateral 
decubitus position with tin left side up The usual left postciolateial incision 
is made, entering the plana tluough the bed of the lcseeted sixth lib Ribs 
the and see on ate di\ lded postmoilj if additional cxposuie is needed This 
is often the ease when one is dealing with the massneh cnlaigod licait The 
mfcnoi pulmonary ligament is divided to the level of the nifeiioi pulmonary 
san ensnnng adequate cxposuie postcuoi to the left v<ntucle The peucar 
dium is divided voitically, well postenoi and puallel to the pliienie nenc, 
to expose the entue left licait fiom the lee el of the noitic airli to the dm 
plnagm In the fai advanced ease (and even m moie mmoi eases m which 
tlieie is considciable initial insufficiency) the left atiium will he tiemendous 
in size, often aneurysmal extending mfeiloilv to the diaphiagm and well ovei 
to and even bejond the light hoidei of the cat due silhouette A massive 
svstohe tin ill can he felt cveivvvhcic ovei the gieatlv dilated loft atunl myo 
indium and this tin ill can lx timed out ova the pulmonniv veins into the 
pulmonai V paienehym i Indeed, on occasions the cnlaigod and hvpeitiophicd 
left vontnclc seems almost insignificant m si/e as it piotrudes fiom this tic 
mendous atnal mass The lieait Ill'll give the appearance of a laige acoin 
with the left ventinlc being the body of the nut and the left ntiium being the 
caplike stem In iclativelv puie initial insufficiency, no othei caidiac tlmlls 
will he felt In associated mitial stenosis of significant degiee a slioit dias 
tolie tin ill will he felt ovei the left vcntucle near its apex Routinely, the 
ascending aoiti and the loot of the aoita at the aoitic valve ling should he 
palpated and compiossed foi evidences of aoitic valve disease foi ofttimes 
patients with a milked degiee of mitial insiifficiencj will picsent clinically 
some evidence of a svstolie niuimui at the base often leading to the misdiag 
nosis of associated aoitic stenosis This is peihaps occasioned because the 
massive left atnum is in contact with the ascending aoita and transmits its 
systolic impulse oi, as may also happen, the icguigitaiit stieam thiough the 
open miti al v alv e is dn ected tow ai d the mtei ati ini septum and the jet impulse 
is tiansmitted upvvuid to the aoita in this mannei Intiacaichae piessuie 
lecoidings aie then taken m the left vcntucle, left atnum, pulmonaiy aitciy, 
and aoita It is extiemely nnpoitaiit that such pressuie tiacings be obtained 
foi only m this way can one be objectively sure dining surgery that cardiac 
hemodynamics have been affected bv the operativ e piocedure 
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When the presence of significant mitral insufficiency has been ascertained 
in this manner the purse-string suture to be used is then prepared. A rectan¬ 
gular piece of pericardium is resected and sutured like a sleeve over the mid¬ 
portion of a long, double strand of standard, narrow cotton or umbilical tape. 
This sleeved portion need be no longer than 2 inches for it covers only that 
portion of the circumferential suture which lies in the transverse sinus from 
the point of emergency of the suture from the right atrium to the level of the 
circumflex coronary artery. Our experimental work suggests that it is im¬ 
portant to bolster this area for should there be any tendency for the suture 
to cut through the annulus it will always be in this area. The use of the sleeve 
as described has prevented any such occurrence both experimentally and 
clinically. 

As the suture is eventually applied immediately to the ventricular side 
of the great cardiac vein and circumflex coronary artery, the circumflex 
coronary artery just distal to the origin of its septal branch is partially isolated 
by tunnelling under the vessel so that the suture can eventually be drawn 
through (Fig. 2). The left atrial appendage is then purse-stringed in the 
usual manner, clamped and its tip opened. The right index finger is introduced 
into the left atrium and thorough exploration carried out. The usual finding 
in predominant mitral insufficiency, despite considerable leaflet contraction, 
scarring and thickening, is an aortic or septal leaflet of reasonable size and 
'diability unable to contact its opposing mural leaflet both by virture of its 
mall size and the fact that it is held in a partially open state by contracted 
nd foreshortened chordae tendineae. The posterior or mural leaflet, as a 
ule, is more badly diseased, considerably more contracted, and frequently 
mesents merely as a thickened ridge emerging from the myocardium itself. 
)ften there will be very minor agglutination of the two leaflets at the extreme 
ingles but unless one or the other of the commissures is very well developed in 
lie typical stenotic fashion, commissurotomy is not necessary or advised. The 
n-ifice of the mitral valve under these conditions will’ usually admit two to 
hree fingers side by side and the mitral annulus can be recognized as an outer 
•ing four to five fingerbreadths in diameter, Begurgitation of blood with each 
rentricular systole can be easily appreciated not as a swift, narrow jet, as is 
iound in predominant stenosis, but more as a broad tongue or sheet of swiftly 
noving fluid. When insufficiency of this magnitude is present, it is impossible 
o estimate the amount of regurgitation present merely by finger palpation 
md appreciation. In predominant mitral insufficiency with little stenosis, 
lie valve leaflets will usually have a considerable degree of pliability and 
rery little if any calcium. With more major degrees of concomitant stenosis, 
me then finds more thickening, immobility, and calcific deposition. This is 
.11 line with the theory long held and often expressed by the author that cal- 
fiuni deposition is greatest in those valves which are immobile and are sub¬ 
jected to the incessant trauma of vascular flow pressure impinging upon leaflets 
partially fixed at right angles to the flowing stream of blood such as is seen in 
the valve deformity of stenosis. 
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Having ascertained the conditions present, the actual passage of the 
purse-string is then effected. The right index linger is removed and replaced 
by the left index finger. This finger is extended diagonally across the lumen 
of the left atrium and its tip comes to rest just on the atrial side of the croteli 
formed by the posteromedial angle of the valve orifice (Fig. 3). At this point 
the most medial aspect of the annulus can be appreciated. An assistant then 
gently elevates and rotates the left ventricle to a very minor degree slightly 
to the right. The diaphragm and the posterior leaflet of the pericardium are 
depressed. The operator can then clearly sec the posterior aspect of the left 
atrium and left ventricle and can readily visualize the course of the posterior 
descending coronary artery and vein and the angle which these vessels form 
with the groat cardiac vein and coronary sinus. The tip of the Davila* needle 
is then applied to the myocardium just below and to the left of this angle and 
advanced beneath the vessels and overlying fat which is invariably present. 
The intracardinc finger can immediately feci the pressure application of this 
needle and the further advancement of the needle is guided entirely by the 
intracardinc finger. The needle is passed in a tangential manner to the finger 
tip and myocardium and directed posteromcdially and superiorly into the 
right atrium (see Fig. 3). This distance is as a rule no greater than 1 to 1.5 cm. 
or possibly 2 cm. in the largest of left atria. The needle or ligature carrier is 
entirely outside of the left atrial myocardium but pierces the wall of the right 
atrium ns described. The assistant now allows the heart to return to its normal 
position, this period of very minor dislocation being never more than but a 
few seconds. The operator’s left middle finger is then inserted into the depths 
of the transverse sinus where it comes to rest in the angle formed by the 
divergent walls of the two atria at the point where they combine to form the 
interatrial septum. The tip of the needle lying in the right atrium is directed 
to hug the interatrial septum and is guided onto the tip of the middle finger. 
At this point it lies between the intracardinc index finger tip and the tip of 
the middle finger. It is then gently thrust into the depths of the transverse 
sinus through the wall of the right atrium right at its juncture with the wall 
of the left atrium and interatrial septum. The needle is stabilized in this 
position and moved no further so that no kinking, displacement, or compression 
of the heart occurs. The wire which runs through the entire length of the 
Davila needle is then advanced and, as it does so, the eye of the needle is 
carried up from the depths of the transverse sinus out into the operative field 
where it can easily be threaded (Fig. 4). This feature of the needle prevents 
displacement or trauma to the heart during the act of threading. The end of 
the previously prepared purse-string is loosely tied to the eye of the needle, 
the wire withdrawn back into the depths of the transverse sinus and fixed 
again to the curved needle. The entire needle is withdrawn in parabolic 
reverse carrying with it the purse-string. The purse-string suture is pulled 
out from the posterior aspect of the heart until the sleeved portion of the 
purse-string suture has been snugged against the depths of the transverse 
sinus, very effectively tamponading the opening made in the right atrium by 
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Figs. 2 to 7.—The technical details of the procedure are illustrated. As can be seen 
from these diagrams, the greatest part of this operation is actually done under direct vision 
from the outside of the heart. The exception to this is the maneuver of placing the medial 
or septal portion of the "purse-string.” This is the crucial step of the technique and its 
execution must be thoroughly mastered in dogs before any clinical attempts should be 
made. Once this step of the operation is learned the procedure is quite simple. 

Fig. 2.—Tunneling under the proximal portion of the circumflex coronary artery. 
This is done at a point about one cm. beyond the take-off of the anterior descending coronary 
artery. 

Fig. 3.—Placement of the septa! portion of the suture. The intra-atrial left index 
finger, and the left middle finger placed in the transverse sinus guide the needle. It is 
essential that the operator be clearly oriented in a three-dimensional sense as to the 
pertinent anatomy. 
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Fig: 4—After the tip of the needle has entered the trans\erse sinus under digital 
guidance the w ire is then ad\ anced so that the eye emerges anteriorl> and can be easily 
threaded 

Fig 5—The pericardium co\ered portion of the suture i<* drawn into the transxerse 
sinus and beneath the circumflex coronary artery In the previously constructed tunnel 
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Fig. G.—The posterior tail of the suture is then stitched into the atrioventricular fat 
pad beneath the circumflex coronary and cardiac vein and underpassing lateral descending 
branches of the circumflex. Coronary injury is easily avoided. The suture should lie 
within the fat pad and not in ventricular myocardium. 

Fig. 7 .—The suture completely placed and being tied anteriorly will lie concentrically 
ovei and just outside of the annulus. The suture is tied by the assistant as the operator 
palpates the regurgitant jet, the valve ring, and the valve leaflet action. 
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the passage ot the suture (Fig. .*>). .Should there by any tendency to splitting 
of the thin myocardium in tins area or should the emergence of the needle 
have been a little higher on the wall of the right atrium than desired, the 
tamponade and plugging effect of the sleeve of pericardium will effectively 
control any oozing. The anteromedial end of the circumferential suture is 
then drawn under (he previously tunnelled circumflex coronary artery and 
the two ends now lie on the ventricular side of the mitral annulus. The 
posterior end of the suture is then brought forward to meet the anterior end 
by taking appropriate bites beneath the fat overlying the mitral annulus, 
taking care to avoid the left ventricular descending branches which arise from 
the circumflex coionary artery. Two or three such bites will accomplish 
approximation of the two cuds of the circumferential suture (Fig. G). At no 
point does the suture transfix myocardium except when entering and emerging 
from the right atrium. 

The suture is then snugged in place by cinching down on the first throw 
of a square knot (Fig. 7). As this is done the suture eases into place in the V- 
like groove formed by the interdigitating muscle fibers of the atrium and 
ventricle and comes to rest exactly over the mitral annulus. The suture is 
further tightened, being guided in extent by the intro-atrial finger as it ap¬ 
preciates the diminishing degree of regurgitation resulting from coaptation 
of the valve leaflets. As a rule all regurgitation can he eliminated except a 
barely discernible whiff but this, of course, depends upon the pathologic 
status of the remaining valve tissues. The ring is usually reduced from a five- 
finger diameter to about a throe-finger diameter and the effective valve orifice 
is not compromised. When maximum relief of regurgitation has been obtained, 
the square knot is completed and the mitral ring thereby fixed. The intrn- 
atrial finger is then removed as the appendage is clamped. At this point, 
one frequently observes a diminution in the degree of left ventricular dilata¬ 
tion. What was formerly a large, distended, and incompressible left atrium 
is now frequently a flaccid, inelastic, easily compressible sac. Intracardiac 
pressures are repeated. The pressure in the left ventricle as n rule rises by 
5 to 10 mm. Hg systolic and the pressures in the left atrium materially drop 
toward normal and not infrequently to within normal range. The original 
diffuse and intense systolic thrill felt everywhere over the left atrium is now 
either abolished or barely perceptible. The end diastolic pressure in the left 
atrium remains at a low level, indicating that no appreciable stenosis has been 
produced. In the average ease, when the procedure has been properly per¬ 
formed, little, if any, cardiac irritability results other than an occasional 
ectopic ventricular beat. Frequently the cardiac rate, previously rapid, is 
now reduced to normal levels and is visibly more steady and effectual. 

The appendage is ligated at its base, a portion of its tip amputated 
for histologic study, and the remainder oversewn. The operative field is 
flushed with warm saline, the pericardium partially closed and now, even 
though a portion of the pericardium lias been resected, there is usually no 
difficulty in completely containing the heart loosely within the long, over¬ 
stretched pericardium. A small opening is left in the pericardium to prevent 
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Fig-, c. —The posterior tail of the suture is then stitched into the atrioventricular fat 
pad beneath the circumflex coronary and cardiac vein and underpassing lateral descending 
branches of the circumflex. Coronary injury is easily avoided. The suture should lie 
within the fat pad and not in ventricular myocardium. 

Fig. 7 .—The suture completely placed and being tied anteriorly will lie concentrically 
over and just outside of the annulus The suture is tied by the assistant as the operator 
palpates the regurgitant jet, the valve ring, and the valve leaflet action 



\ n| i me 33 
\i ml*er 1 


PUR«II STRING TI CIIMQUT 


So 


the pnssige of tlu sutmc (Pig .">) .Should time In anj temluit) to splitting 
of the thin m;null ilium m this mi t 01 should tlu cmcigcnte of the needle 
lime been ,i little higlici cm tin wall of the light .itmini than desued, the 
tninpmmde and plugging cileet ol tlu shcie ol petieaidium will cffectnelj 
ccmtiol am oo/ing The ante mnu dm! end of the eiicumfoientinl sutuic is 
then illnwn timlii the picinmsh tumielhd ini iunlle\ coionaij aiteii and 
the two toils now lie on the Miitmulat side of the initial annulus The 
posteuoi oid of the sutuic is thin hioughl loiw ltd to nuot the antenoi end 
by taking appiopnate lutes bineith tin fat meihiug the initial annulus 
taking cute to mold the lift mitiiudai dtsiindtng blanches which anse fiom 
the cntiimflcx imonai.i ailn.i 'Iwo 01 linn such bites will neeoniplish 
appiOMiintion ol the two ends ol the iliuunfi nnlial sutuic (Tig C) At no 
point docs the sutuic 11ansfi\ nmu .11 clitim except win 11 intenng and emeiging 
fiom tin light at 1 nun 

The sutuic is then snugged in place In 1 inching down 011 the hist thiuw 
of a scpiafe knot (Pig 7) As this is clone tlu sutuic easts into place 111 the V 
like gioove foimtd bj the iiitodigitating muscle fillets til the atini 1 and 
xcntiitlo and conics to lest cxactlj cnei the initial annulus The sutuic is 
fuithei tightened, being guided in extnil In the intia at uni lingei ns it ap 
piceiates the diminishing degioo of icguigitiitnm icsulting fiom coaptation 
of the who leaflets As a mle all 11 guigitation e in In eliminated except a 
Imeh distcinible wliifi. hut this of couise eh pc mis upon the pathologic 
status ot the icmaiiiing callc tissues The ling is usuills 1 educed fiom a the 
fuigoi diametci to about a tintc (ingot diamctci and tin < (Teetne inhe oiifico 
is not compiounsed 'Whin maximum itlicf ot Kguigitatnm has been obtained, 
the scjuaic knot is completed and the initial img tluicln tlxod The intia 
atnal fingei is then lemoiod as the append igi is <1 imped At this point, 
one ficqucntlj cibscnes a diminution 111 the dcgici ol left icntnculai dilata 
tion AVhnt was founeih a huge, distended and mtompussihle left atiium 
is now ficqucntlj a flaeciel inelastic, tnsih cemipiessible sic Intiacaidiae 
piessmes aie repeated The prtssuie in the leit sent licit as a ltile rises by 
15 t0 1° mm Us sjstolie and the piessmes m the left atiium matenallj drop 
towaid noimal and not liifiequentlj to within lioinial langc The oiigmal 
diffuse and liitonsc sestolu. tlinll tell oitnwheie enei the left atiium is now 
eithei abolished 01 baith peiccptilde The end diastolic pitsxmt 111 the left 
atnum leiiiams at 1 low keel, indicating that no appieeiahlc stenosis lias been 
pioduced In the aiciagc case, when the piocidiue has been piopeilv pei 
formed, little, if anj, caidiac niitahihtj lesults othei than an occasional 
eetopie lentiieulai heat rieqnenth the taidiae late, pieviously lapid, is 
now' leduced to noimal leeels and is xisibly 111010 steady and effectual 

The appendage is ligated at its base, a poition ot its tip amputated 
foi histologic stuck, and the lcmamdci oseisewn Tlie opeiatne field is 
flushed with waun saline, the pei taidmin putialh closed and now, eseii 
though a poition of the pencnilium has been lesccted, there is usunllj 110 
difficulty in complete!} containing the hcait loosely within the long, mer 
sti etched poiicaulium A small opening is left 111 the peucaidium to pi event 
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the entrapment of pericardial fluid. The lung is completely expanded, a lung 
biospy is obtained, the pleura drained by catheter, and the chest wall closed 
in the usual manner. The procedure will have been performed with little, 
if any, more trauma than is seen in the average mitral commissurotomy. 
Should appreciable stenosis have been present, an appropriate guillotine-type 
commissurotomy, either unilateral or bilateral, will be performed to free the 
leaflets from each other, thus ensuring maximum motion of valve tissues. The 
commissurotomy is best performed after the purse-string has been placed 
in its entirety but just before it is tied. As a rule, after commissurotomy, 
even though the intracardiac finger may now be unable to appreciate any 
increase in regurgitation, an interatrial pressure recording will almost rou¬ 
tinely reveal that the pressure within the atrium has been very materially 
increased. This finding has proved to us over and over again that, in the 
presence of large amounts of regurgitation, intra-atrial finger estimation of 
the degree of regurgitation present is worthless. After commissurotomy the 
annular purse-string is tied down to its maximum degree as described. The 
entire procedure is monitored by a continuous oscillographic image and fre¬ 
quent recordings of the electrocardiogram. 

SELECTION OF PATIENTS 

Having developed an effective technique for the performance of total 
circumferential constriction of the mitral annulus and observed its effect in 
over 250 animal experiments over a period of two years, it logically followed 
that clinical application was in order. Ideally, from a purely surgical sales¬ 
manship viewpoint, it would have been highly desirable to employ the pro¬ 
cedure on those patients exhibiting more minor degrees of mitral valve in¬ 
competence. A low operative mortality and a high percentage of living 
patients might attest the fact that the operation could be at least tolerated 
(improvement or no improvement), but was there justification at this point 
to subject patients in reasonable clinical health to the hazards of any new and 
intricate procedui’e of this magnitude? Under these circumstances would 
maximum objective data be forthcoming to ensure an honest and accurate 
appraisal of the procedure? We think not. On the contrary, it was felt that 
such application should not be employed until the efficacy of the procedure 
was entirely proved on the badly damaged rheumatic heart for, not infre¬ 
quently, those procedures which seem to be highly effective in the laboratory 
prove to be less desirable or even detrimental to the human disease complex. 
Therefore, it was decided that initial clinical application would be employed 
only in those patients showing far-advanced, even terminal, degrees of rheu¬ 
matic heart disease with mitral insufficiency. Thus, a number of patients pre¬ 
viously denied surgery because of the hopeless nature of their cardiovalvular 
disability (primarily due to insufficiency) were recalled, the facts and status 
of the operation presented and then subjected to surgery as desired. 
It was determined that this pilot study should not include more than 25 to 30 
patients. It was fully realized that due to the desperate condition of these 
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patients, perhaps few would eventually survive or be materially helped. 
Nevertheless the hope was ever present that some apprceiablc salvage might 
result. 


ANALYSIS or PATIENTS 

Twenty-seven patients with rheumatic mitral insufficiency, pure or in 
combination with mitral stenosis, have undergone ‘‘mitral purse-string” to 
date. In G, a concomitant commissurotomy was likewise performed and in 3 
a commissurotomy had been performed one to two years before. The first 
mitral purse-string in the series was carried out on Jan. 20, 1905, and this 
patient is living a normal life today, sixteen months later. Twenty-four were 
female and 3 were male; the youngest was aged 7 and the oldest aged 52. 
The average age was thirty years. 

Clinical Status .—Each of the 27 patients was in an advanced stage of 
chronic congestive failure (Stage IV). Fourteen were classified as intractable 
(terminal) failure (Group I), for despite the most diligent and heroic of medi¬ 
cal regimens, their congestive failure could not be abolished and these pa¬ 
tients came to surgery with variable degrees of pulmonary congestion, hep¬ 
atomegaly, often with ascites and evidences of peripheral edema and stasis. 
Admittedly, patients in such a state of myocardial degeneration have long 
been recognized as the poorest of candidates for surgery with little hope of 
salvage. The remaining 13 patients (Group II) were likewise in an advanced 
state of myocardial degeneration and chronic congestive failure but by dint 
of tedious and prolonged medical therapy they came to surgery clinically free 


Table I. Cardiac Catheterization Data 
(PREO rURATiVE) 


PATIENT 



RIGHT 

VENTRICLE 

PULMONARY 

ARTERY 



1. It. M. 

11 





125/75 

2. B. F. 

I 

25/14 

83/10 

SO/47 

20/11 


3. P.F. 

II 


30/0 

25/5 

14/11 

125/65 

4. B. AV. 

I 

15/7 


5S/30 



5. Jj. T. 

I 

S.5/2 

75/-1 

SS/35 



6. R. S. 

I 

1.5/-3 

20/-5 

28/10 

1G/5 

125/62 

7. J, L. 

I 

1/-3 

31/-G 

30/11 

1G/-1 

98/57 

8. M, G. 

I 

7/0 





9. J. M. 

I 

10/G 

80/2 

7C/3G 

29/15 


to. H. S. 

I 


48/0 

4G/11 

49/17 


31. A. T. 

II 






12. E.J. 

n 

3/-2 

23/-4 

20/4 , 


130/GO 

13. Ct» fe. 

ii 

(0) 

50/10 

55/20 

(16) 

118/75 


i 

5/-1 

G4/0 




15. Iv. Iv. 

ii 

3/-4 

12/1 

12/5 

10/6 


10. E. H. 

i 

V-3 

42/-3 

45/18 



17. P. C. 

ii 

5/0 

35/-5 

30/5 

12/0 

140/80 

18. F. M. 

ii 

9/4 

38/7 

38/18 


118/69 

19. G. B. 

ii 

9/2 

34/5 

28/11 

26/9 

120/58 

20. ,T. K. 

i 

10/6 

35/5 

35/17 


140/48 

21. J.S. 

r 

14/10 

60/0 

60/20 

30/18 

120/64 

22. G. M. 

ii 

-3/-10 

35/-7 

40/6 

15/0 

124/76 

23. D. W. 

i 


60/0 

60/18 

40/12 

120/80 

24. E. H. 

ii 

13/5 

92/5 

92/44 

52/22 

140/84 

25. H. M. 

i 

24/15 

84/10 

80/40 

52/22 

126/80 

26. M. It. 

IT 

7/2 

40/3 

36/13 

32/12 

120/70 

27. G. L. 

rr 


38/7 


30/12 . •' 

' 120/60 
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of decompensation. The contrasting results obtained in these two groups 
of patients have been extremely enlightening and have served to corroborate 
further the impressions gained as to the indications for surgery in valvular 
disease over the years in our rather extensive experience with the rheumatic 
heart. 

Preoperative Studies. —Each patient a\ as studied in the usual routine 
cardiac fashion familiar to all, including routine blood work, blood chemistry, 
urinalysis, electrocardiograms, teleoroentgenograms and fluoroscopy, and 
phonocardiograms. In 25 of the patients a satisfactory cardiac catheterization 
Avas accomplished and these data have been summarized in Table I. It will 
be noted that in one half of the patients cathcteiized the pulmonary vascular 
and right heart pressures were tAvo to four times higher than normal. Hyper¬ 
tension in the lessei circuit of this degree. A\ r hilc a common finding in mitral 
stenosis, is distinctly uncommon in the average case of mitral insufficiency 



Fist 8 —Posteroanteilor and left lateral teleoroentgenograms of Case A which typifv the 

findings in cases of Gioup I 


The degree of cauliac enlargement shoAvn radiographically in each pa¬ 
tient Avas marked. A typical example of this type of cardiac enlargement 
characteristic of the patient Avith mitral insufficiency in Group I of this series 
is sliOAMi in Fig 8 

The changes in the electrocardiogram of each patient Avere extensive and 
most vatiable This aspect of the findings in these patients has formed the 
subject of another communication to be presented shortly. It is sufficient to 
state heie that, m 25 patients, atiial fibrillation Avas present and in the remainder 
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n noimal sums ills thin pci sist otl In .! ])nt it ills an atiimmtiiculai block 
uas noted Vmiahlc ilegiecs ot at mil In petti oplis and combined sentiiculai 
hjpeitioplij ueie imitine h pusuit 

Pie and postnpuatne phonoiaieliogiams loutineh obtained eonbimid 
tin climtnllj obi ions diminution in the initial sistohe nuiiimii as slims n in 
Fig II 

Oioup I—Inimitable ( Tcniiinal) ratline —Tlicie sicie 14 patients in tins 
c.itegon Pile ol tliisi patimts hid uneloigoni pinions initial ial\< (\ 
ploration one to tuo icais belon, and m 2 of these a eomniissiuotoim bad been 
lieifouncd Needless to sat, in iseli of these 7 pitmits the pei'oiiunmi of a 
"initial puise stung” lias doubh diflnult foi all nitiapcncatdi.il landinaiks 
ueie oblituated as ueie tin lift atlnil appeUllages Tin postopeiatu c 
ehaiiptes cncountcKd mu dnuth lisponsibli loi tin opilatne deith of one 
of these ioi an uncontiolkd hiinuiiInure uas piodtticd iilnle attempting to 
open the adhesion obliteiatid tnnsmsi sinus 

Seim of till 14 patimts dud iiitlun the fust month and as such must hi 
consideied as opiiatnc ibaths In 2, iintinulai filnillation dmlopid as 
the pciientdiuni nas being ojiinid and tin sc hi uts toulil not be lesuscitated 
Tno otlieis ivent into lentnculai filn illation dining the initial mamuieis ol 
the passage ol the puise stung Caiilnu massage and elictnc shock ueie 
unsuccessful in tin si until tin pin si stung uas eomplitilj pissed and tied 
lcndoiiug tin initial lalic competent Hass igi at this point cftietnelv ie 
stoicd caidiac output and coionaii filling so that dcflbnUition lesulted 
Dispiti this the patients ueie lost The fifth patient toluatcd the opeiatm 
pioceduic sutpusingli’ uill despite hi i piteauoits condition mill to suceumb 
one licell latu to piogiissue niinisibli lieait failmo The lemainmg 2 
died of opiiatno hemoiihage one tin leasons alludid to aboic and the otliei 
as a icsult of a teal m the light atuum ulun tin Danin needle emcigcd into 
the tiansi eise sinus too high on tin nail ot tin light at mini Tin so lattei tuo 
deaths could u 1 11 be classified as tnliniial 111 ms 

It must be appaicnt fiom tin btnf ilesciiptions aboic that the maioiitj 
of the deaths desciibnl ueie oiiasioncd piimauh hi the fai adianced lutuie 
of the patimt’s disease One mi haidli blami the opeiation of ciicum 
ft i cntial aimulai ionstiictnm loi thcimnudiati effect of this pioceduic homo 
ilj liamicallj speaking, uas aicompl sin el m but erne of the 7 

The lemaimng 7 pitmits sunned suigual liitenentnm although in 2 
lentnculai fibrillation lias piesmt im lumts foui* and sixtj file minutes 
lispoctiiel) Both of these ueie listened to then pieopciatiie llijthm onlj 
aftei the initial lalic had been made competent hi cncumfeicntial const!ie 
tion One patient aftei lathei eonsnlei ihle lmpioiement m hei eongistnc 
state duimg the fiist postopeiatue neck shoitlj leieitcd to hei pillions ill 
tiactnble iailuie and died tuo necks late i At postmoitom e \aimn ition an 
extensn e calcific aoi tic stenosis u as noli il The pi esc nee of aoi tic stenosis had 
hem lecogmaed at the time of suigeiy but its dognc of seienty was mis 
judged so that this i all e uas not opine d III on had an aoi tie commissui otomy 
hem consideied, it is doubtful that the patient ivould base sunned the 
added pioeeduie Tuo patients obtained lathei toinatkable lehef fiom their 
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Number I 

preoperative congestive states. Indeed, all signs of congestive failure dis¬ 
appeared and they were restored to a considerable degree of normal activity. 
Both of them died rather suddenly and in an entirely unexpected, unexplained 
manner, one at three months and one at five months. Both had been very 
active and one had just returned home from a shopping tour. Post-mortem 
examination in each failed to reveal any cause of death. The hearts of these 
patients were referred to us for examination and in each the purse-string su¬ 
ture was accurately and well placed with no evidence of either myocardial or 
coronaiy damage noted. Both valves had been restored to a high state of com¬ 
petency by the purse-string procedure. Three other patients likewise im¬ 
proved very dramatically for a matter of weeks and months only to revert 
again to a stale of slowly progressive congestive failure. These 3 patients 
eventually died at six weeks, two months, and eight months, respectively. 
Post-mortem examinations were performed in 2 of these and again it was 
noted that the purse-string suture was properly and accurately placed and had 
accomplished very effective improvement in valvular competency. It is of 
interest that the patient in this group who lived the longest was the one who 
survived sixty-five minutes of almost continuous ventricular fibrillation. Con¬ 
stant and apparently very adequate massage was maintained throughout for 
little if any cerebral damage resulted. The final patient is nlivc today, three 
months after surgery, and is considerably improved. In the light of her 13 
predecessors as just described it is altogether probable that she too will eventu¬ 
ally succumb to intractable failure for her original cardiac status was quite as 
had as that of the others. 

It goes without saying that the results from a clinical standpoint were 
most disheartening. No appreciable salvage was obtained other than the fact 
that the survivors were made more comfortable for most of their remaining 
days. On the other hand a great deal of highly valuable hemodynamic and 
technical information was obtained which has gone far toward the establish¬ 
ment of this procedure as an effective means of controlling mitral insufficiency 
for patients in an earlier stage of this condition. The following points have 
been clarified. (1) Once the technique lias been mastered, it can he accom¬ 
plished under tiie most harassing circumstances and under conditions of almost 
impossible extremes of pathologic complication. It is tolerated amazingly 
well even in the most precarious of patients. (2) Post-mortem data are avail¬ 
able in 11 of tiie 13 patients who have died. In each of these examined hearts, 
the purse-string suture had been accurately placed and lay directly over the 
mitral annulus. By simple laboratory test and by observation of these hearts 
on our pulse duplicator 21 which allows for direct vision of valves in action, 
the mitral valve in all but 2 cases was corrected by at least 80 per cent. In 
one of the two uneorrectablc valves there was essentially no valve tissue pres¬ 
ent. Both tiie aortic and mitral leaflets were so small from contraction and 
induration that no coaptation could be obtained short of producing an al¬ 
most complete stenosis of the mitral annulus (Case 25). The other (Case 9) 
had undergone commissurotomy elsewhere one year previously. At that time 
tiie aortic leaflet of the mitral valve had been split in its exact center rather 
than an opening made at the presumed anterolateral commissure. The patient 
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developed, as might be expected, a tremendous regurgitation and why he did 
not die immediately is a complete enigma for, when such is done experimen¬ 
tally, death is prompt. Nevertheless, this patient did survive only to become 
a complete invalid from constant congestive failure. The purse-string was 
passed without difficulty but because the continuity of the aortic leaflet had 
been destroyed, purse-stringing under these conditions could coapt the 
aortic leaflet to the mural leaflet but could not coapt the bisected halves of the 
aortic leaflet itself. This patient died from unrelievable mitral insufficiency. 



9 —Pressure pulse tracings taken at surgery in a patient with mitral msuffi- 
ciencv and mitral stenosis (Case 14). In the initial tracings note the low \entricular and 
aortic pre==ure, the t> pieal regurgitant contour and pressure range of the atrial tracing, 
and the elevated pulmonary arterj pressure Note that after commissurotomy there is 
a marked increase in the left atrial pressure The regurgitant jet palpated by the explor¬ 
ing finger is not a reliable indication of whether regurgitation has been aggravated or 
improved by commissurotomj ^fter placement and tieing of the “purse-string,” the 
ventricular and aortic pressures rise, the left atrial pressure falls, and the contour changes 
favorably, the pulmonary artery pressure falls In most instances the change noted in 
pulmonary arterv pressure ma> be small but in all the cases studied the left ventricular, 
aortic, and atrial changes are consistent. 

(3) Proof of the above statements is shown in Table II. The reduction in left 
atrial pressure was highly satisfactory in all but the above-mentioned cases 
(Cases 9 and 25). Pressure curves in the left atrium likewise were restored 
to a more normal contour as were those obtained from the left ventricle (Fig. 
9). (4) In no instance m cie the coionai^ ai tcrics compi omised, no erosion into 
the left atrium occurred, there were no appreciable myocardial changes and 
no stenosis was produced. 

These data were essential to the pioper continuation of this program. 
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Group II—Chronic Congestive Failure Clinitalhj Correctable .—There were 
13 patients in this category. One of these patients had undergone picvious 
mitral valve exploration two yea is before but ins-uflieicney and not stenosis 
had been found, lie-exploration of this patient at this time did not present 
the technical difficulties noted in the 5 similar cases in Oronp 1. 




Fig 10—Drawing of the findings nt autopsy In Ca«o 11 The Illustration on the 
left shows the position of the suture Tonetratlon Into the lumnn of the left atrium In this 
manner constitutes a serious technical error which can he molded bj ctueful palpation of 
the posterior commissural area of the ring after placement of the suture and withdrawal 
of it if it should be so p!ie<d It is essential that In intioducing the needle from the 
posterior aspect of the heart It he directed correctlv into the right atrium The figure on 
the rigid illustrates the erosion of the mituic In two ditactions on the circumference of 
the ring beginning at the points of perforation (Indicated by the dotted arrows) When the 
suture is pioperly placed, erosion does not occur 


Two of the 33 patients died within the hist month and were considcicd 
opeintive deaths. One of these should hate obtained n highly satisfactory 
lcsult judging fiom the favoiable mituic of the valve leaflets and from the 
extremely satisfactory 1 eduction in the left atrial pressure (Case 32). Inex¬ 
cusably but inadvertently .she received 500 e.c. of totally incompatible blood 
and passed away rather piomptly after surgery fiom overwhelming inti avas¬ 
cular hemolysis. The other patient was the second example in this seiies of a 
patient who, for all intents and puiposes, had no lemaining effective valve 
tissue. The aortic leaflet was but one centimeter in ladius and most of the 
mural leaflet was nonexistent. At the posteromedial extremity of the mural 
leaflet there was a small amount of valve tissue which was attached to a shoit. 
chordae tendineae that had long since been ruptured and this tiny pottion 
of valve was flail-like Even so, miti al purse sti ing did accomplish some 1 educ¬ 
tion of valvular insufficiency although left atrial piessnrcs still remained at 
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a much higher level than that seen in all the other cases in this group (Case 
24). This patient died unexpectedly on the fourth postoperative day follow¬ 
ing a period of bradycardia. Post-mortem examination could establish no 
cause of death. One additional patient in this group died three months after 
surgery from subacute baeteral endocarditis. Post-mortem examination re¬ 
vealed that this patient had been the victim of the one truly technical error 
in the entire series. Pig. 10 illustrates that during the passage of the purse¬ 
string suture a tiny portion lay exposed within the lumen of the left atrium, 
at. the posteromedial commissural area. As time passed this portion of the su¬ 
ture had cut well out into the lumen of the left atrium and thus lay like a strut 
across the lumen of the atrium. Extensive thrombosis had developed on this 
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xx—j^eft atrial prct.«,uro pulse r ' ft atrial puncture 

approximately one month before and one m ■ . • -of mitral insuffi- 

eirnev Note the pre- and postoperative . the atrial tracing, 

(Case 18). (Courtesy of Dr. A. G. Moirow, National Heart Institute, Bethesda, Md ) 

nidus leading to an uncontrollable blood stream infection. This case points up 
the extreme necessity for accurate placement of the purse-string for if a seg¬ 
ment has been misplaced in the lumen of Ihe left atrium, the result will be as 
just cited. This has been observed on a number of occasions during the early 
experimental animal work, fn contrast to this, however, that portion of the 
suture which lies in the right atrium, because it is snuglj against the inter¬ 
atrial septum and is not subject 1o the development of a cross luminal posi¬ 
tion, rapidly becomes endolhcli/.cd and buried, a process which takes but 
two to three weeks. In all posl-moriem specimens examined, Ibis right atrial 
segment of the eircimilercnlial suture was buried in Ibis fashion 
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The remaining 30 patients nip lning to date Two of these me sixteen 
months pos.topei.itne (Cases 1 and 3), 2 at eight months (Cases 13 and 33), 
one at six months (Case 17), 2 at fnc months (Cases 38 and 19) one at fom 
months (Case 22), and 2 at two months (Ciscs 26 and 27) Those 1 patients 
who aic now In mg six months to one and out half sens aftei suigci \ liau 
obtained lather excellent insults, ate In mg lelatndj liotnnl lms and aie 
cniijing out a full schedule of household actnitv Miuh the s imp enn he 
said foi those undci six months hut not enough time has elapsed to make a 
definite statement to that effect 

Ohiectne aide nee of the collection of initial liisuffiuoncs and the suhsc 
quent impioicmciit of patients so titafed is nsailiblc in the foim of pit 
and postopnatne phonoiaidiogiams tdeoioentgenogiams and left atnul 
picssuics taken hcfmt and aftei initial poise stung at the tune of suigeij 
As set, none of these patients has been subjected to a found postopciatne 
caidiae catheteiization 

An example of the tape of pie and postopciatne phonoeudiogiaphie 
tiacing routinely obtained is shown in TV 31 

The obsious radiogiaphie change in caidiae (niitoui and diminution m 
size in the caidiae silhouette is lcpioduced in 1'ig 32 

Pro and postopciatne puisc stung piessme data within the left atimm 
are asailablc m 3'ahle IT It wall lie noted that in most instances a luglih satis 
faetoiy diop in pressuic was obtained The data m Ihcsc lning piticnts can 
comementlj be compared with similai data m those who did not sumac 
examples of actual piessuic tiacings taken within the left atiiuiii befoie and 
aftei annulai constiiction both m eases of ldatnch puic initial lnsuffleicties 
and m those complicated In concomitant initial stenosis aie shown m ITgs 
33, 33, and 31 

COW MI XT 

An honest and sincere cfloit h is been made to piesent the entire pietuic 
of om initial foui jcai etfoit to oaeicomi surgiealh the elotumcntal ofteets of 
one of the commonest of rahulni piohlems—initial insufficient! Much woik 
and application he ahead In foie one cm categoin all} state that this pio 
ceduie, or any othci, matmallv aftects the clinical eouise of patiuits so 
aflheted foi the hettei An attempt has been made to appioacli the pioblem 
m a most scientific and academic mannci anti tiie continuation of w oik on this 
pioject is to be kept at the same lead At least three aspects of the o\ci all 
project need constant attention (1) Cm the technique he fuithci lmpimed 
to obtain a nunc satisfactoiy In mods liaimc effect lie eitliei closed oi open 
heait suigcry oi will the final solution await the deiclopment of some foim 
of aitificial sailed (2) Are the patients such as those m Gioup I whose ulti 
mate icsults weie so dismal, tiulj nnsahable 9 Contimiing woik in om ex 
penmental lahoiatoij suggests anothei possible appioacli Om laboiatoij as 
soeiate, Dr Domingos Moiacs, is presentlj stud}mg the effects of aitificial]} 
pioduced chrome initial insufficiency 2 ' It is well known that the acute pio 
duction of matked and significant mitral insuffieienev in the labointoiy animal 
is loutmely attended b} lapid death from fulminating pulmonary rongestion 
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Therefore, to date no detailed reports of chronic mitral insufficiency are avail¬ 
able in any quantity. Moraes has observed that when total ligation of the in¬ 
ferior vena cava below the renal veins is performed at the same operation as 
is the production of significant mitral insufficiency, approximately 50 per cent 
of the animals will survive. A considerable group of animals so prepared is 
presently being followed and the typical findings of clinical chronic mitral 
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rh'inriM —- 1 an, l n, Posteroantenor teleoroentgenograms of 4 cases which typify the 

in * the iI¥? tet V Tlie 'Jecrease in size of the left ventricle as well as the relief of tension 
ilimmiiimn atimm. iendenng- it quite flaccid, is olnious immediately at operation This 
i>ro\e« cart s,ze 'S evident on the early postoperative x-rays and persists or lm- 

proxe-, fuitlier in the late postoperative periods 
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insufficiency ,ue being obsened A possible, solution appliciblc to patients in 
inliat table conge sine failuic l (.suiting fiom initial insufficicnci might be the 
piclininiuy ligation ol the lenu en\«i J’lesunnbh b\ tempoiaiilj lcduemg 
the Ktuin of blood to the light heait and pulmoii 11 \ \aseului bed such Inputs 
linj obt mi a “bieathing spell” and ie< oi ei a measuie of ini oe lidinl mtegnty 
ATiti ll puise stung then peifoinud .it a moie optimum time concenablj may 
bo liettei toluated and icsult m in impioied dmical state (3) The une\ 
plained death m Cases fi and 7 at thiec and fno months, lespectnch, ulien 
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these patients were enjoying better health (free from cardiac congestion), than 
they had known in years, need a solution. Possibly Case 24, who died rather 
suddenly on the fourth postoperative day, falls into this same category al¬ 
though in this instance it was not possible to improve satisfactorily left atrial 
dynamics which of course might explain her unexpected death. Whereas in 



Fig. 13—Tracings of aortic, left \cntricular, and left atrial pressuie pulses in Cnsc 
13. taken at surgery In those recorded before the procedure, note the left ventricular 
contour in the ejection phase Also note the topical regurgitant contour and pressure of 
the left atrial tracing The changes in all three pressure pulses are ideal m this instance 


none of the experimental animals, followed for many months, was there any 
evidence of a conduction defect presumably occasioned by trauma or distor¬ 
tion to the bundle of His, possibly some such complication as this may be in¬ 
volved. Why this type of reaction should occur at such a late date is inex¬ 
plicable. In this regard transient atrioventricular block was observed during 
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the postoperative period in 2 patients (Cases 17 and 19) but both cleared with¬ 
out sequelae. Case 11, who eventually died three months after surgery from 
subacute bacterial endocarditis, had an atrioventricular block both before and 
following surgery. 
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tracings were taken at surgery of Case 15, a 7-year-old child with 
' ‘ he \cry sntlsfactoiy improvement In left atrial 

: ’* this case, the question of rheumatic activity 

tyocardial damage might preclude a good result. 
‘ well 


SUMMARY AND CONCLUSIONS 

1. The concept that mitral insufficiency is the result of three basic patho- 
logic changes, namely, absolute loss of valve tissue, conti’action and foreshort¬ 
ening of the chordae tendineae, and dilatation of the mitral annulus, was pre¬ 
sented in detail. 

2. For surgical correction of mitral insufficiency to be effective, each of 
these three factors must he taken into account. 

3. Controlled circumferential constriction of the mitral annulus favorably 
affects each of these factors by reducing the size of the mitral orifice to he 
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occluded, by coapting the contracted and scarred but still pliable valve leaflets, 
and by providing relaxation to the stretched and distorted chordae tendineae. 

4. Not only will total controlled circumferential constriction relieve in 
great measure existing mitral incompetence but, by permanent fixation of the 
atrioventricular annulus, it prevents further annular dilatation and subsequent 
progression of an insufficient state. 

5. The technique for the proper performance of total annular constric¬ 
tion—mitral purse-string—has been detailed. 

6. After three years of intensely applied experimental study during which 
time experimental mitral insufficiency, produced by every conceivable means, 
was proved to be correctable in routine manner, clinical application seemed 
justified. 

7. Although ideally from a purely surgical viewpoint it would have been 
highly desirable to employ the procedure on those patients exhibiting more 
minor degrees of mitral valve incompetence in order to ensure a low operative 
mortality and a high percentage of living patients, this did not seem justified 
in the initial phase of clinical application. On the contrary, it was felt that 
early application should include only those patients showing far-advanced, 
even terminal, degrees of rheumatic heart disease with mitral insufficiency. 
Once the efficacy of the procedure was demonstrated on the rheumatic heart 
to simulate the findings observed on the experimental animal the operative 
procedure should then be applied at its proper level—the patient Avith early 
progressive mitral insufficiency. 

8. A pilot group of 27 patients with rheumatic mitral insufficiency, pure 
or in combination A\dth mitral stenosis, Avas subjected to mitral purse-string. 
In 6 a concomitant mitral commissurotomy was likeAvise performed. 

r 9. Fourteen of these patients (Group I) were in intractable (terminal) 
failure with variable degrees of pulmonary congestion, hepatomegaly, ascites, 
and peripheral edema at the time of surgery.. Seven of these patients died 
within one month, 6 Avithin eight months and one is living to date at three 
months. Despite the fact that in most instances mitral insufficiency had prob¬ 
ably been corrected to a marked degree, pre-existing irreversible myocardial, 
pulmonary, and hepatic changes proved too great for the mere correction of 
the valve lesion to OA’ercome. The fact liOAvever that mitral purse-string could 
be accomplished with accuracy under these conditions, that mitral stenosis 
Avas not produced, that no coronary damage ensued, that no erosion of the 
suture into the lumen of the left atrium occurred, that no additional myo¬ 
cardial damage Avas produced, that the procedure Avas tolerated in patients in 
so precarious a state, and that left atrial hemodynamics could be corrected, 
Avas ample evidence that the procedure deserves considerable merit and fur¬ 
ther trial on better patients indicated. 

10. Thirteen other patients (Group II) in chronic congestive failure but 
temporarily correctable by medical means prior to surgery Avere likewise sub¬ 
jected to mitral purse-string. Three of these patients died within three months 
and tAvo of these Avere due to aA T oidable technical errors. The remain¬ 
ing 10 patients are living in a vastly improved state from tAvo to sixteen 
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MITRAL INSUFFICIENCY: TREATMENT BY POLAR CROSS-FUSION 
OF THE MITRAL ANNULUS FIBROSUS 

Henry T. Nichols, M.D. (by invitation) 

Philadelphia, Pa. 


V ARIOUS surgical attempts have been made in recent years to restore com¬ 
petence to the regurgitant mitral valve. These efforts have been directed 
in the main toward addition of tissue 1 ' 5 or a prosthetic device 5 ' 9 between the 
leaflets, suturing of one leaflet to the other, 10 distortion of the mitral annu¬ 
lus, 11 ' 11 and elevation of the leaflets either by stretching, 15 cutting 11 ’ 12 the 
chordae tendineae or insertion of a prosthetic beneath them. 8 ’ 9 Each of these 
procedures represents an attempt to correct the pathologic entity or entities 
which to the respective reporter seemed to be responsible for the insufficiency. 
It is of interest to note that many of the basic principles and techniques being 
used today for correction of mitral insufficiency have been applied previously 
in attempts at the production of mitral stenosis in the animal laboratory. 10 ' 18 

There are several pathologic entities such as congenital perforation of one 
or both leaflets, congenital cleft leaflets, and detachment of the chordae which 
give rise to mitral insufficiency, but which occur so infrequently that they 
deservedly have received little surgical attention. 

i There are three pathologic entities which now are generally accepted as 
Leing responsible for mitral insufficiency in the majority of cases: (1) re¬ 
tracted leaflets (Fig. 1, A), (2) dilated mitral annulus (Fig. 1, B), and (3) 
shortened chordae tendineae (Fig. 1, C). It is not uncommon to find all three 
to be present, and it may lie difficult or impossible to determine which is pre¬ 
dominant. Regardless of which of the three entities is present, absent, or 
predominant in a combination, failure of one leaflet to make contact with the 
other during systole always is evident. 

The physiologic effect of mitral insufficiency is a reduction in the percent¬ 
age of the left ventricular stroke output which enters the aorta. As the heart 
increases its rate in response to physical activity, its mechanical efficiency 
rapidly decreases in relation to the demand for increased aortic output be¬ 
cause of the disproportionate reduction in the length of diastole (or left 
ventricular filling period) in the shortened cardiac cycle. This results in ex¬ 
cessive fatigue which is relieved only by physical inactivity. 

Since fatigue seems mild in contrast to the more dramatic episodes such 
as dyspnea, hemoptysis, and embolism which are seen in mitral stenosis, some 
physicians have been led erroneously to conclude that mitral insufficiency is 
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Fie. 1 —A, Intrinsic shortening and retraction of leaflet margins is the commonest cause 
of mitral insufficiency. B, Dilatation of the mitral annulus flbrosus causes incompetence 
most marked in the region of the posteromedial pole of the \alvc C. Shortened chordae 
tendmeae draw the margin of a leaflet downward into the \entncular chamber and ^ 
sjstolic coaptation of the ^alve edges. 
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a benign condition. If the mitral insufficiency is great, the extra work load 
imposed upon the left ventricle eventually will lead to heart failure and 
death. Before this final event, the patient may be so restricted in physical 
activity that the joys of life seem few. 

If the mitral insufficiency can be corrected, the mechanical efficiency of 
the left ventricle is increased and its over-all work load is decreased. The 
increased mechanical efficiency allows increased aortic outflow, especially 
during increased activity, lessens fatigue, and prevents or delays the onset of 
heart failure. 

Attempts at introducing living tissue into the opening between the leaflets 
to block the regurgitation have resulted in a high operative mortality and 
frequently in disappointing end-results in the surviving patients. The appli¬ 
cation of prostheses into the same area likewise has eventuated unsatisfac¬ 
torily. 

These failures in attempts to block the opening between the leaflets have 
led to the development of various procedures designed to move one leaflet 
nearer the other thus enabling them to make contact during systole. Such 
operations have involved stretching and cutting shortened chordae to allow 
leaflets pulled down into the ventricle to rise into the atrium. 11 ' 13 Prostheses 
have been placed beneath the mural leaflet without satisfaction. 

We never have cut the chordae intentionally as we have been fearful of 
producing a flail leaflet. This, in itself, causes severe mitral insufficiency. 
Such a procedure would seem to have merit only in patients with shortened 
chordae and would seem contraindicated in those with retracted leaflets or 
dilated rings. Upward displacement of the mural leaflet has the same limita¬ 
tions in applicability. 

Suturing of one leaflet to the other has been tried in an attempt to close 
the space between the two. We found that in some instances the leaflets were 
not strong enough to hold sutures under tension. Also, the inherent binding 
together of the edges of the leaflets by the pericardial sutures prevented 
descent of the edges into the ventricle and separation during diastole. If the 
leaflets were thin and pliable, this restriction was localized to the site of 
suturing. However, in those with thickened leaflets, the restraint was re¬ 
flected throughout the leaflet edge and the entire cusp was limited in its move¬ 
ment with resultant stenosis. 

More recently, our attention has been directed toward the annulus fibrosus 
and attempts have been made to displace one leaflet closer to the other so 
they might make contact during systole. 

Hurwitt 10 suggested resection of portions of the annulus along with a 
wedge-shaped segment of ventricular myocardium. MacAllister 20 apparently 
was the first to attempt to constrict the mitral annulus fibrosus circumferentially 
in a clinical case. Davila and associates 13 ’ 14 have applied a circumferential 
purse-string type suture around the entire mitral annulus.. Borrie 21 has done 
the same procedure, apparently entirely independently. Kay and Cross 11 
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h.lvo elisfoitcd the .innnlus ill the legion of the postaloinedi.il coiiimissutc by 
placing sutuies aeioss the lumen of Ilu nlimm, thiough the annulus at citliei 
exticmity, ty mg the fieo ends o\ci buttons of eaitilage outside the heal t Sey- 
etnl modifications of this pieiccdnic to distort llie annulus also hn\e been 
madi by ICay 

The opeiation ninth \ic hate named polai cioss fusion is also an anatomic 
alteiation ot the initial annulus Tn the development of this piocedme mil 
ohiectitcs hate been as follows (1) to displace one leaflet elosei to the othei 
in the legion of the nieonipcttnee so that then fite maiguis mat make con 
tact dining s.t stole, (2) to plaie the appioMiiiatiiig sutuies at omul tissue that 
mil hold undei tension, (3) to atoul i oniptonusing notnial leaflet action (41 
to atoid the piodliction of physiologically significant initial stenosis and (3) 
to assuie piim liienee of the anatomic altciations pieieluccd 

Om fust attempt to accomplish tin ahote ohicctnes consisted of plica¬ 
tion ot the initial annulus on the initial leaflet side lit the placement of mill 
tiple intcilothing matticss sutuies ttithin the substance of the annulus"" 
This slimtonul the annulus m this aiea and mined the muiat leaflet elosei 
to the septal leaflet sufficiently to eonict lcguigitations of small magm 
tude Hoimei it was not effectne m aholishing the laigu leguigitations 
Also, this pi module w is tedious and difficult technically In cause it lequued 
mobilisation of the left uicumflcx coionmy uiteiy fiom its bed 

The alienp slieu tconungs led us next to eonsielei pin sting the amiulai 
nng by sutuies plait'd between its mm nl and sept il aspects m the icgion of 
the posteiomedial coinimssuie In the nniiii il laboiatoiy, it w is found that 
the sitUue 1 - emilel he placed aeematch and tied without gtent difficulty Im¬ 
mediate and peimanent fixation of the' appioxiinatcil pmtions of the ling 
was accomplished leadily We applied the polai cioss fusion technique to 
oui fust patient on Aug tfl, 1033, with sin weal 

liciixtepn 

At the picsent time, the opeiation is peufoimed thiongh the left fifth mtci 
costal space with the patient m the lateint position It the fouitli mtcispace 
is used, the cxposuie is limited ioi placement ot the sutuies If the sixth mtei 
costal space is used, there may be difficulty in lelicymg am coexisting mitial 
stenosis which might he piescnt The peiieaielium is opened by l emoting a 
3 cm yvide stnp ot peiieaielium pist posteuoi to and mnniiig parallel to the 
left phiemc neiye This stnp of peiieaielium is used to encase oi cnshcath 
the nonsbsoiliable sutuie to he placed inside the heait The puisc stiinged 
left atual appendage is enteicd and cxploiation of the yahe plus smgeiy ioi 
any existing initial stenosis is earned out The suigcon lemoyes his light 
index fingci fiom the ntuum and moyes to the opposite side of the opoiating 
table 

The ungloyed left index fingci is then mtioduecd into the left atuum, the 
opeiatoi standing in fiont of the patient A laige euiyed needle swaged to 
a heavy Dacion sutuie is nitioducccl thiougli the left atual yvnll at a point 
close to the incompetent yalve polo (Tig 2) If the yahe is incompetent 
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posteriorly, the intraeardiae tip of the bare left index finger is used as a guide 
to direct the point of the needle under the septal aspect of the annulus in the 
region of the posterior pole of the valve. The needle point then is redirected 
to continue across the atrial lumen and to pass just beneath the annulus on 
the mural leaflet side. Finally it emerges from the left ventricular wall close 
to the atrioventricular junction. The point of a second needle swaged to the 
opposite end of the suture then is engaged into the substance of the Dacron 
suture itself (Fig. 2) near its entrance puncture through the left atrial Avail 



Fig. 2.—Placement of the plicating; suture. One needle has pierced the left atrial wall, 
has been guided under the septal portion of the annulus flbrosus, has traversed the atrial 
lumen, and has passed under the mural portion of the ring to emerge from the left ven¬ 
tricular wall. The other needle point is imbedded temporarily within the Dacron suture 
in order to enter the atrial chamber through the same puncture. The pericardial sheath 
has been affixed to the mid-portion of the suture. 

Fig. 3.—After the second needle enters the atrial chamber, it is caused to emerge close 
to the first but at a level just above (superficial to) the mural portion of the annulus. 


in order to assure that it will pass into the left atrium through the same open¬ 
ing. Entrance through the same hole is important because it obviates the 
inadvertent inclusion of soft tissue tvithin the loop of the suture Avhen it is 
tied down. Necrosis of such included muscular tissue under pressure of the 
suture Avill tend to permit the approximated areas of the annulus to separate 
during the postoperative period. 

After the point of the second needle is passed through the same atrial 
puncture site, it is disengaged from the Dacron suture merely by applying 
traction to the end of the suture Avhich already has been passed through the 
heart. The needle point then is directed across the lumen of the left atrium 
to pass just above the annulus on the mural leaflet side and then to emerge 
from the left ventricular Avail in close proximity to the other. The suture then 
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is adjusted, by traction on its ends, so that the part remaining within the heart 
is completely encased by the homograft pericardium (Pig. 3). The distal ends 
of the pericardial strip are clamped and then freed from the Dacron by cut¬ 
ting the attaching arterial silk stitches. The mobilized suture then is tied out¬ 
side the heart, making certain, by use of the left index finger within the heart, 
that the two points of the annulus enclosed within the loop of the suture are 
brought into firm apposition (Pig. 4). Since there usually is a small amount 
of ventricular muscle caught within the loop of the suture between the knot 
and the underlying mural part of the ring, we have waited several minutes 
after making the first throw in the knot to allow such muscle to give way 
under the tension of the suture. The first throw is then tightened again, and 
this is followed by completion of several additional throws in the knot. A 
fine cotton suture passed through the substance of the Dacron tends to ensure 



Fig-. 4.—The suture Is tied down as described In the text after the pericardial sheath 
has been separated from the Dacron in the region of the knot. At this point competence 
is restored to the valve in most instances. 

Fig. 5.—In some individuals a second such plicating suture Is necessary In order to 
overcome the entire insufficiency. 


tightness of the knot. The emerging ends of the pericardial strip are approxi¬ 
mated or tied together and this apposition is rendered permanent by placing 
several cotton stitches through them. 

A second suture is placed alongside the first (Fig. 5), if it is necessary 
for the complete abolition of the regurgitant jet. At the present time, we 
are uncertain whether a second suture should not always be placed to act as 
a buffer to decrease the tension on the first one. 

Cross-fusion of the annulus at the anterior pole of the valve can be selec¬ 
tively carried out just as is described for application at the posterior commis¬ 
sure in those few patients in whom the leak lies anteriorly. 
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DISCUSSION 

The effectiveness of this procedure in blocking the regurgitation at the time 
of surgery has been most dramatic (Table I). Among the 34 patients operated 
on, the regurgitation no longer was palpable and apparently was abolished com¬ 
pletely in sixteen instances. In 17 patients, there remained a palpable regurgi¬ 
tant jet which had been reduced to an estimated 1 plus magnitude. Many of 
these were just barely palpable to the ungloved finger, but if any regurgitation 
at all could be felt, it was recorded as of 1 plus magnitude. In only one pa¬ 
tient was a 2 plus regurgitation permitted to remain. This was an extremely 
ill woman in whom one suture reduced the insufficiency from 4 phis to 2 plus, 
and it was felt best not to attempt placement of a second suture because of her 
extremely poor condition on the operating table. In the majority of these in¬ 
dividuals, effectiveness of the correction at the time of surgery was evidenced 
by the lowering of tension within the left atrium and, in some, this was further 
attested to by a sudden and obvious decrease in left ventricular size. 

Table I 

ESTIMATED M. I. AT SURGERY 
INITIAL FINAL 

0 


17 1 + 


3 + 


4 + 

We have been encouraged to feel that we are accomplishing the objectives 
previously laid down. The bases of the leaflets certainly are brought into closer 
proximity so that their free margins are enabled to make contact during systole, 
thus effectively blocking the regurgitation. 

The mitral annulus fibrosus seems to satisfy the requirement of a sub¬ 
stance strong enough to hold sutures under tension. At least it is the only 
tendonlike structure available. The atrial wall and ventricular wall are mus¬ 
cular, and the incapacity of muscle tissue in holding sutures under tension is 
well recognized. The leaflets themselves will not hold sulures unless heavily 
fibrosed and, if such fibrosis is present, the creation of mitral stenosis is the 
price of correcting the regurgitation by this method. Polar cross-fusion of the 
annulus does not compromise leaflet action because only the leaflet’s anchorage 
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point the initial .111 miliis is enclosed within the loop of tin siitme The leaflets 
thcmseUes 10111,1111 capable ol swinging with llio altoinations of tlio Indio 
dy 11 , 11111 c stiossis dm nip the o.ndi.ic i.ycle Physiologic mill al slenosis is not 
pioduced liecauso 1 lie t loss si(tion.il ana of tlio .ill io\onti 11 ul .11 passagcwn\ 
at the a .die annulus is i unsold.tlih giialei tli .111 ill the leaflet 01 dice Pcimn- 
nont fusion of the pin 11 tod pm lions of tlio annulus should he assuiod 1>> the 
use ot the hea'j nonahsoiliable sutuie (80 pound tost In inlcd Daeion) plus 
tlio onshentliment of autoguious poiuaidiiiin Tho Dacion sutuie is used 
piunaiih fm its hulk lalhu thin its tonsilc stmigth in oidoi to olmate at)} 
tendency ot the sutuie to Hit thiough substanee of the annulus Tho pen 
eaidinl sheath aiound the sutuie likewise liufleis am tendenc} toyy.nd cut¬ 
ting thiough Ultimate eomusion of the autogenous peiK.iulium into dense 
scat tissue assuies a lihious coupling ot the appiosunatid anas of annulus 
(Pigs G.l and Cill) 

Tho 11101 talit\ (Table 11) (\ptiunud In the hist 34 patients opeiatcd on 
was gintity mgh lo\u 1 than tint of some ot tho pi ot oduics yi Inch wo hat c pci- 
foimed in tho past and some which hate been and picsonth aio hemp done b} 

'lean It 


I otvl c nos (pot ir cro^s fusion) 11 

Concomitant mitral commissnrotnint a 

Associated AS A I (aortic lesion not correitcd) - 

Deatlis to date _a (14 <9e) 


otheis Tho teit taet tint no deitlis hate oecutied on the updating table 
has com meed us tint the piouduie is f.u s.ifei than otheis we hate tued 
AVe hate had to tieat hbiillation once dining suipeit collection being accom¬ 
plished aftei the phcating sutuie was tiid down 

The causes ot death (Table III) lead us to liolieie that the 11101 tality can 
he low eieel 111 the futuic Ceit.aml} the technical enm is nyoidablc, and the 
basal skull fiactuic was not iclnted to the opeiatnc piocediue Tho opei.ation 

Twin ITT Cusrsoi Dm 11 

1 Icclmical rrror (occlusion ot right coromrv nrtery ) 

1 Improper selection (incorrect evaluation of co existent lortic stenosis) 

T Severe hypotension (during thor icotomy) 

4 Basal shall fracture ilue to fall (13 dav s postop ) 

_ r ) Acute bacterial endocnrditis _ 


was completed in the patient with seyeie hypotension onl} because we felt 
that to leticat without gning mechanical lelief to the heait assuiedlj would 
lead to fatality Resistant strains of hacteiia seem to be on the mcieasc, but 
foitunntc]} new ci antibiotics also continue to appeal Selection of patients 
can, in some instances, only be settled by the philosophv of the patient, cai 
diologist and suigeon in undeitakinp calculated risks 

Any attempt at cy.dilation of the icsults of suigeiy with lefeience to the 
ley el of ph} sical activity yv ould not he y alid at this time None of the patients 
as yet is one ycai postopeiatne Tlio maionty of tho patients haye been 
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Fig. 


P 



Fig. 



GA.—Photograph of a mitral valve specimen showing a pericardial hammock which had 
been placed three years previously. 



G B .—Photomicrograph of cross-section through fibrosed pericardial hammock 

collagenous metaplasia. ™ 


showing 
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operated on within the past five months, and have not, as yet, tested their 
maximal exertional ability. An evaluation oC their status will be reported at 
a later date. 

The fact that there is uncertain correlation between the intensity of a 
systolic murmur and the estimated amount of mitral regurgitation found at 
surgery is appreciated universally. The fact that no regurgitation is found 
in some patients with systolic murmurs, and that, in other patients, regurgi¬ 
tation is found, when no murmur was detected preoperatively, serves to dem¬ 
onstrate the impossibility of a true auscultatory correlation. However, we felt 
that a comparison of preoperative and postoperative murmurs might ho of 
some usefulness and such is, therefore, presented in Table IV. Fig. 7 shows 
phonocavdiographie studies in a patient in whom the systolic murmur was 
completely abolished. 

Table IV 

CHANCES IN SVSTOL1C MURMUR 

PRE-OPERATIVE INTENSITY Of MURMUR J POST-OPERATIVE INTENSITY OF MURMUR 

GRADE +. 3.S 3 IS 1 IS L \S 0 S L IS 1. IS X J S H- 



NUMBERS IN BOXES REFER TO NUMBER OF CASES 


We have performed left heart catheterization by the method of Bjork” 
and Kent and associates 5 ’ in 21 patients preoperatively and, to date, in S cases 
postoperativcly. In none of the postoperative tracings has there been evidence 
that mitral stenosis was produced by surgery. The typical findings in the left 
atrial curves have been similar to those shown in Fig. 8 in which tiie enlarged 
V wave has been altered markedly and in which the mean atrial pressure has 
been reduced. 
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Pig. 7. — -4., Preoperative phonocardiographic tracing indicative of long loud systolic 
murmur. 

B, Postoperative phonocardiographic tracing in the same patient showing practically 
complete abolition of systolic murmur. 



Fig. S.—A, Preoperative pressure tracing obtained from the left atrium during left heart 
catheterization (Bjork method). AOte the large V wave suggestive of mitral insufficiency. 
B, Postoperative pressure tracing obtained from tbe same patient showing normal C-V 
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Fig. 10.— A, Preoperative ventriculogram obtained on Patient J. A., a 21-year-old white 
woman. Note opacification of the left atrium indicating an extremely incompetent mitral 
valve. 

B, Ventriculogram obtained on J. A. three weeks after performance of polar cross¬ 
fusion of the annulus for a 3 plus incompetence of the posteromedial pole of the valve. 
Note the great reduction of opacification of the left atrium which is indicative of a similar 
reduction in the mitral insufficiency. 



Fig. 11.— A, Preoperative ventriculogram obtained on Patient M. S., a 21-year-old white 
woman. Note extreme opacification of left atrium. 

B, Ventriculogram obtained on the same patient two and one-half weeks after polar 
cross-fusion of the posteromedial pole of the valve for a 3 plus insufficiency. Note the near- 
absence of opacification of the left atrium indicating the great degree of restoration of mitral 
competence which has been achieved. 
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Left cardiac ventriculogram by direct needle puncture into the left ven¬ 
tricle ns advocated by ilcato Xuiie/,-' and Smith and associates 20 ' 2 " has been 
performed in 19 patients preoperatively, and in G postoperntively. Some of 
tho postoperative ventriculograms have shown no demolish able dye entering 
the left atrium, while the others have shown a decreased amount in compari¬ 
son with the preoperative ventriculogram. Figs. 9, 10. and 11 demonstrate 
comparative pro- and postoperative ventriculograms. 

Decrease in heart sire has been demonstrated in some of the postoperative 
patients. Fig. 12 shows such decrease Others have shown slight reduction 
in size. No alteration has been seen as yet in the remainder. To evaluate the 
ultimate changes in heart size will require a longer follow-up period. 



A B. 


, Fig 1- — >1, Preoperative 72-inch posteronntcrior roentgenogram of L S, a Jl-j ear-old 
white woman with severe (3 plus) mitral insufficiency 

77, Similar roentgenogram obtained 3 weeks after polnr cross-fusion of the mitral vnl\e 
The great reduction in heart .size suggests improvement in cardiac function 

SUMMARY AND CONCLUSIONS 

The surgical technique for establishing polar cross-fusion in mitral in¬ 
sufficiency has been picsentcd. The objectives of the operation and the meth¬ 
ods of accomplishing them arc presented. The operation has been used suc¬ 
cessfully in valves showing the three most common pathologic deformities, 
shortened or retracted leaflet, dilated ling, and shortened chordae tendincac. 
AVe have used it in 2 cases in which there were no palpable ehoi dae attached 
to the mural leaflet. This lack of support permitted this leaflet to override 
the septal leaflet. 

In one of our 34 patients, the procedure was applied across the anterior 
pole of the valve only, as this was the region of predominant regurgitation. 
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In another, it was applied across the area of the anterolateral commissure in 
addition to the posteromedial commissural area. In the remaining patients, 
the procedure was carried out only across the posterior pole of the valve 
where the vast majority of insufficiencies occur. 

Obviously, polar cross-fusion of the annulus cannot be helpful in an 
extremely rigid or calcified valve. 

We have no experience with the procedure in repairing insufficiency 
created surgically during the performance of mitral commissurotomy. In 
cases in which the chordae have been severed or the leaflets inadverently torn 
or cut, it is doubtful if it will be of as great value as in those lesions which 
are produced by the rheumatic process. It may well prove of value, however, 
in those instances in which the division of the commissure has been done 
accurately with respect to the leaflets but in which the incision has been al¬ 
lowed to continue on through the mitral ring. It may be possible in these 
individuals to restore the ring integrity by polar cross-fusion. 
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Discussion 

(Papers by Glover, and Davila; and Nichols) 

DR, MELVIN NEWMAN, Brooklyn, N. Y.—Our group at the State University of 
Now York in Brooklyn believe that the operation of the future will he the complete re¬ 
placement of tho mitral valve by a plastic prosthesis. 

(slide) This simple ball valve 1ms been used for complete replacement of the mitral 
valve in 25 dogs. The features of the opciaiive technique are first, complete by-pass of the 
circulation by a pump oxygenator; second, ventricular fibrillation produced by electric 
shock, and this completely obviates the problem of air embolism; and third, insertion and 
fixation of tho valve under direct vision through a left atrial approach. Ventricular 
fibrillation has been promptly reversible in all dogs and in the 2 patients on whom opera¬ 
tive correction of interventricular septal defects 1ms been done. The ball valve, as shown, 
has permitted survival for a maximum of four months and is unsuitable for clinical use be¬ 
cause of thrombus formation, emboli, imperfections in fixation technique. However, tho 
operative approach can be applied to any typo of mitral valve surgery which may be done 
in the future. 

DR. HARRISON BLACK, Boston, Mass.—I lmvo enjoyed very much the presenta¬ 
tions of Drs. Glover and Nichols, and tlieir important contributions to this subject. On 
Dr. Harken's services in Boston we have wrestled with this difficult problem over the 
year*.. It is apparent that, although some patients have been greatly helped, the ultimate 
salvage whon they are followed for a significant timo leaves ono dissatisfied with all the 
techniques currently available including intra-auricular baffles, annulus distortion, ex¬ 
ternal annulus constriction, and external bolstering of tho posterior herniation of the 
valve complex. At the risk of seeming repetitious, however, I believe I should re-empha¬ 
size several principles which constitute a distillate of our experience in dealing with this 
problem. 

Fiist of all, as we have been reminded by the authors, it is extremely important not 
to immobilize the leaflets. Any procedure which docs this, ns we have stressed on numer¬ 
ous occasions in the past, is going to result in damaging obstruction to forward flow. We 
cannot trade stenosis for insufficiency. 

Second, the aneurysmal dilatation of the left auricle which occurs in the advanced 
stages of this disease must be corrected. Patients with predominant mitral insufficiency 
do not become significantly symptomatic, for tho most part, until an aneurysmal dilatation 
of the left auricle has occurred and left ventricular failure has supervened. As the 
systolic jet weakens the auricular wall the chamber enlarges to enormous size and the 
pull of gravity in the erect position causes it to fall posteriorly toward the diaphragm. 
This in turn results in a sliding hernia of the valve leaflets at the posterior commissure 
which aggravates their incompetence by pulling them further apart. It seems reasonable 
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In another, it was applied across the area of the anterolateral commissure in 
addition to the posteromedial commissural area. In the remaining patients, 
the procedure was carried out only across the posterior pole of the valve 
where the vast majority of insufficiencies occur. 

Obviously, polar cross-fusion of the annulus cannot be helpful in an 
extremely rigid or calcified valve. 

We have no experience with the procedure in repairing insufficiency 
created surgically during the performance of mitral commissurotomy. In 
cases in which the chordae have been severed or the leaflets inadverently torn 
or cut, it is doubtful if it will be of as great value as in those lesions which 
are produced by the rheumatic process. It may well prove of value, however, 
in those instances in which the division of the commissure has been done 
accurately with respect to the leaflets but in which the incision has been al¬ 
lowed to continue on through the mitral ring. It may be possible in these 
individuals to restore the ring integrity by polar cross-fusion. 
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DR AIELMA NEUMAN, Drool hit, N 1—Our group it the q t«tc Limcr^tv of 
2vew York in Broollyn believe that tlie operation of Oil future vuU 1 m tin compute re 
placement of the mitral \ iHe bv a plastic proMho-i« 

(slide) This simple bill \nl\c has Um tu-cd for complete replnccment of the mitnl 
valve m 25 dogs The furfures of the operative technique are first, complete 1»\ pass of Ur 
circulation l>\ a pump oxvgeuntor, ^ecoml, vcntnculnr fibrillation produced bv ehetrir 
shock, and this complitch obviates the probKm of n»r embolism and third, insertion nud 
fixation of the valve under direct vision through a left atrial approach "N cntncular 
fibrillation 1ms been promptly reversible in nil dogs and in the 2 patients on whom Optra 
tive correction of interventricular septal di facts has been dont , lhu bill vnlvt, ns shown, 
has permitted survival for n maximum of four months and is unsuitable for clinical use be 
Cause of thrombus formation, emboli, wipe rfettions m fixation technique However, the 
operative nppronch can bt applied to nm tvpo of rmtml valve xnrgerv which mnv 1 m don© 
in the future 


DR HARRISON BLACK, Boston, Mass—1 have tnfovtd verv much the presenta 
tions of Dr» Glover and Nichols, and their important contributions to this subject On 
Dr Hnrkcn's services in Boston we hnvo wrestled with this difficult problem over the 
vctir- It is apparent that, although some patients have been greath helpid, the ultimate 
salvage when they are followed for a significant tnno leaves one dissatisfied with all the 
technique" currently available including Ultra auricular baffles, annulus distortion, tv 
ternal annulus constriction, and external bolstering of the posterior herniation of the 
vahe complex At the risk of seeming repetitious, however, I behove I should re cmpJm 
size several principles which constitute a distillate of our experience in dealing with this 
problem 


First of all, as we havo been remindod bv the authors, it is cxtremeU important not 
to immobilize the leaflets Any proccduro which does tins, ns we have stressed on nniner 
ous occasions in the past, is going to result in damaging obstruction to forwnrd flow We 
cannot trade stenosis for insufficiency 


Second, the aneurysmal dilatation of tho loft auricle which occurs m tho advanced 
stages of thi* disease must he corrected Rationts with predominant mitral insufficiency 
flo not become significant), sjmptomatic, for the most port, until an nncurvsmn] dibit at,on 
of the left nuncio has occurred and left vcntnculnr fnilurc 1ms suponened As tho 
systolic jet weakens tho auricular wall the chamber enlarges to enormous s, zc and the 
pull or gTOity m tho erect position causes it to fall posteriori! ton ard (ho dmphragm 
01,is in turn results in a si,tag horn,a of the valve leaflets at the posterior commissure 
Inch aggravates their incompetence by pulling them further apart It seems reasonable 
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to assume that this particular anatomic situation accounts for the concentration of most 
significant mitral insufficiency about the posterior commissure. Therefore, any technique 
for the correction of mitral insufficiency, in addition to reducing the circumference of the 
annulus and preserving leaflet mobility, must take into consideration this third dimensional 
concept by reducing the herniation and possibly also by plicating the redundant auricular 
■wall. 

Finalty, in evaluating the results of any procedure for the correction of mitral in¬ 
sufficiency we must limit ourselves to pure cases. It is, of course, obvious that no one can 
choose to operate only on pure incompetence since many mixed cases are invariably en¬ 
countered. In assessing results, however, it is well to recall that Ellis* in analyzing the 
outcome of valvuloplasty in the first 500 of our cases of predominant mitral stenosis, 
found on long-term follow-up that even when marked insufficiency was found at operation, 
the correction of the existing stenosis alone resulted in improvement in 50 per cent of the 
cases. When moderate degrees of incompetence were encountered, 70 per cent showed 
improvement after correction of the stenosis alone. 

As concerns the evaluation of what one has accomplished immediately, the reduction 
or elimination of the palpable jet is of course important provided it is observed at an 
adequate blood pressure. Changes in murmurs are influenced by so many factors, includ¬ 
ing pericardial and pleural effusions in the early postoperative period, that thej’’ are often 
unreliable. The V wave in the pulmonary capillary or left auricular tracing has not cor¬ 
related at all well, in our experience, with the degree of mitral insufficiency. We are 
currently investigating differential dye dilution curves during left and right heart 
catheterization and believe that these may be useful in quantitating regurgitation when 
correlated with cardiac output studies. 

Our point of view concerning the surgical therapy of mitral insufficiency at this time 
thus differs from that expressed yesterday by Dr. Harken regarding aortic stenosis. We 
now feel that the majority of these cases are going to require the use of an open technique 
for constricting the mitral annulus and reducing the herniation of the leaflets. 

DE. LEWIS H. BOSHEE, Eiclimond, Va.—I should like to discuss Dr. Glover’s paper. 
Certainly we owe a great deal to Dr. Glover and Dr. Davila, who have developed this pro¬ 
cedure for mitral insufficiency. We have operated upon 5 patients with free mitral in¬ 
sufficiency by this technique. These were all advanced cases with severe cardiomegaly. 
There have been two deaths among the 5, both perhaps preventable deaths with further 
experience on our part. Certainly the placement of this purse-string suture is difficult, 
and I think we must all appreciate that a good deal of work in the dog laboratory and also 
in the post-mortem room is necessary before the procedure is used in the operating room. 

In one of our patients, we encountered a pericardial symphysis which made the land¬ 
marks difficult to recognize. In this patient, as proved at post-mortem examination six 
days later, we found that the suture had been passed beneath one of the tricuspid leaflets 
through the tricuspid orifice and, as it had been tightened, apparently it had come into 
contact with the ventricular myocardium with subsequent cutting through of the suture 
as determined at post-mortem. We feel that even if the suture is placed accurately there 
may be a tendency for it to cut through. 

(slide) I think this perhaps illustrates that point. This is a left atrial tracing made 
at the time of operation before the purse-string suture is tightened. You will notice the 
high Y wave and the high atrial pressures. After the suture is tightened we have a very 
respectable left atrial tracing. However, on the fourth postoperative day this patient’s 
systolic murmur returned and we felt that perhaps the suture had cut through. Four 
weeks later we did another left atrial puncture and it is evident that considerable mitral 
insufficiency has returned. It may be that in this patient there was considerable bunch¬ 
ing of the pericardial tube which was used, and this may have accounted for that. 

‘Ellis, L. B„ and Harken, D. E.: Factors Influencing the Late, Results of Mitral Valvu¬ 
loplasty for Mitral Stenosis, Ann. Int. Med. 43: 133-142, 1955. 
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a circumferential suture of the annulus.” I said, “That is very interesting; I just came 
from a meeting of the American Association for Thoracic Surgery, where the operation was 
discussed by Dr. Glover.” I wonder if Dr. Senning or Dr. Crafoord have done any more. 

DR. H. HANSON, Stockholm, Sweden.—This discussion was not returned. Editor. 

DR. CHARLES P. BAILEY, Philadelphia, Pa.—-First, 1 want to point out that polar 
cross-fusion is entirely original with Dr. Nichols—I have had no part in its development 
except that of offering encouragement. I have had some little part in the handling of 
some of the cases reported by Dr. Nichols, and I want to emphasize what Dr. Glover has said 
about the desperate condition preoperatively in most of these individuals. One of the pa¬ 
tients in this series was in a hospital under our care for nine months before she could 
be brought into condition for surgery. Dr. Nichols refuses to talk about the improvement 
as observed clinically, and yet our cardiologists uniformly are extremely enthusiastic and 
think the procedure is very good. I am tremendously impressed by the consistently great 
reduction in the regurgitant jet as recognized by intracardiac palpation at the time of 
operation. The improvement achieved at surgery' transcends anything I have ever been able 
to accomplish with any other procedure for mitral regurgitation. Of course we must wait to 
find out what the long-term results will be. I do hope that either Dr. Davila’s or Dr. 
Nichols’ procedure will prove to be the final answer. If neither does, we will just have to 
keep on trying. 

I have, as Dr. Glover and Dr. Davila well know, “viewed with alarm” the procedure 
which they have just reported because I recommended and carried out a somewhat similar 
operation three and one-half years ago in attempting to correct aortic insufficiency'. Those 
of you who have inserted a Hufnagel valve know how difficult it is to put a circum¬ 
ferential suture accurately about the plastic ring that holds the valve against the aortic 
wall. This is done under direct vision and with the help of the flanges which are built 
into the ring. These mitral valve rings are about twice the diameter, are nearly the 
same thickness, and have no flanges. By' a closed, digitally' guided technique, it seems 
inconceivable that a constricting band can be placed accurately' about the entire circum¬ 
ference of the mitral (or aortic) ring. Yet, if it slips off any' portion of the annulus, it 
will lose all its constricting effect and, in some instances, will cut through into the lumen. 
t ?I think my' long-term failures with circumferential constriction for aortic insufficiency' may' 
be paralleled by' similar failures with mitral constriction. Almost all those patients are 
now dead. The band seemed to slip off the annulus after weeks or months or y'ears. 
Sometimes it cut through into the aortic or ventricular lumen; other times the regurgita¬ 
tion came back. Nevertheless, if only- because they directed our attention toward the 
importance of the annulus in the correction of mitral insufficiency', we owe Drs. Davila and 
Glover a tremendous debt. 

DR. ROBERT P. GLOVER (Closing).—I should like to thank all the discussants and 
say a few words in closing. I want to emphasize as strongly- as possible the vicious cycle 
through which mitral insufficiency' passes over the years. Any- procedure that does not 
pretty well abolish the existing mitral insufficiency, or if for some reason an appreciable 
degree of insufficiency remains uncorrected, dilatation of the ring as the years go on will 
progressively' increase. I believe that it is essential to permanently- fix the entire ring 
by total constriction; otherwise annular dilatation will continue and the vicious cycle will 
proceed unabated. 

Dr. Black spoke of the aneurysmal dilatation of the left atrium. These atria get as 
large as the largest of Florida grapefruit and we have been sorely tempted on a number of 
occasions, after tying the constriction purse-string suture and observing the tense and 
distended atrial wall to relax and even become wrinkled, to clamp off and resect much of 
the now redundant atrium. We have not done this as yet, however, so that no confusion 
would exist as to the proper postoperative evaluation of the purse-string method per se. 
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hut I think it entirely conceivable that some of tlic«e tremendous atria can he amputated 
and refashioned to a reasonable si/c. These atria no longer heat, they are incapable of 
contraction, so they might wc*Il be made as Final! as possible. 

With regard to Dr. Bother's statement regarding possible suture cut through into 
the atrium, such has not occurred tv hen the suture was properly placed. I might state 
that in some tens of dogs followed -well over a year, and we still have twenty to be 
followed for the next four nr five ycars, there has been no cut through. In our oldest 
postoperative patient, one on whom an autopsy was performed at eight months, the purse 
string was intact, well fixed by fibrosis, and no evidence of cut through was present. 

The application of circumferential suture to aortic insufficiency 5®, in my opinion, 
questionable. The anatomy, pathology, and the actual tissues themselves present in aortic 
valve disease would not seem to be suitable for a circumferential constriction of this tv pc. 
The wall of the aortic ring, thin and bare, will not tolerate constant constriction and I 
believe cut through would be inevitable; but tbe tissues concerned in the mitral annulus, 
being muscular a* they arc, will tolerute constrictive pressures and actually incorporate 
the purse string within a fibrou* cnpsule. Thu«, the least of our problems is concerned 
with cut through; our greatest problem is the status of the patient's valve itself. Every¬ 
one in this audience who has digitally explored a heart valve Knows that one cannot 
predict, prior to such exploration, the actual tissue status of a valve nor what can be 
accomplished surgically. One can only accomplish what the valve in its diseased state 
will allow. In 2 of the ca«os just reported there was actually no remaining functioimble 
valve tissue. The leaflets were contracted right back into the myocardium f-o that the 
chordae tendineac actually emerged from a contracted and fixed ridge of *car at the 
annulus. Despite almost complete constriction of the purse string in these instances 
nothing but a reduction in size of the mitral orifice could be effected for there were no 
leaflets to coapt. This situation cannot be predicted clinically and remains for explora¬ 
tion to reveal. 

I agree that perhnps total mitral annular purse string is not the final answer, but 
it is the only procedure of the many tc-ted in our laboratory' that routinely’ will correct 
regurgitation and it has done «o to date, so far as the valves have ullowed, in the clinical 
cases reported. 

DR. HENRY T. NICHOLS (Closing).—T should like to thank all the discussants and, 
if I may, I should like to show a «lide. 

(slide) In Dr. Kay’j. discussion, he spoke of having done tins same procedure two 
years before. I think there i« a little variation and I have taken the liberty of making 
this slide from his article. It shows that he has attacked the same portions of the mitral 
annulus and I certainly- give him the credit he deserve®. However, I would like to point 
out that he has used buttons on the outside of the heart in this one of his procedures and 
that there i u considerable soft tissue interposed between the two points of counterpressure, 
a button on one side and one on the other. I have doubt as to whether the two areas of 
the annulu« will grow together. It might be that this is not important; I do not know. 
Also, wc have worried about the possibility of leaving bare sutures inside the atrium in 
fear of developing infection. 

(slide) Although X'erhaps this slide is erroneous, I thought he was not pulling the 
annulus together because of this diagram. I realize that a diagram can be misleading, but 
it is Ivay’s diagram and I did get the impression that he was merely distorting the 
annulus, as shown in the«e diagrams, before and after. 

So far as the history of the attack upon the mitral annulus is concerned, I would 
like to say' that Bernheim, back, in 1900, was the first man to attack'the mitral annulus, 
so far as I know. He did this in an attempt to produce mitral stenosis in dogs. "" did 
plicate the annulus, and parsed two parallel suture®, one starting 1 
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heart, piercing the annulus in two places and then emerging from the front of the heart. 
The second suture was placed parallel to the first. He tied the two free ends on the back 
together and followed this by tying down the ends in front. Thus he pulled one part of 
the annulus against the other. In the same article, he described a circumferential suture 
that he applied. He called it a circular ligature around the mitral annulus, and he passed 
the needle underneath the coronaries to the left ventricle. I feel that if this is not the 
same as the Davila technique, it probably is very similar. However, I think Dr. Glover 
and I, and all of us, can take some comfort in the fact that Bernheim was not successful 
in producing mitral stenosis. 
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deselopment of the infant, the pressuic rises in the ssstcmic enculation and 
falls in the pulmonais r circulation Escntuallj, thcie is a considerable diffeicncc 
in pressuic between tlic aoita and pulmonars aitcis, lcsultmg m flow of blood 
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The findings in a typical case of patent ductus are well known. The most 
outstanding diagnostic finding is the presence of a continuous murmur at the 
upper left sternal border. Other salient features are: accentuation of the pul¬ 
monary second sound, absence of cyanosis, a wide systemic pulse pressure and 
fluoroscopic or roentgenograpliic evidence of increased pulmonary blood flow. 
In addition, there may be varying degrees of enlargement of the left atrium 
and left ventricle. Under certain conditions, as previously noted, patency of the 
ductus arteriosus does not produce a continuous murmur. These patients with 
only a systolic murmur have been given the term “atypical patent ductus.” 
The term “atypical” is not accurate, however, since the absence of a continuous 
murmur may be typical for the specific situation, as in young infants. It is 
not within the scope of this paper to discuss the other causes of a patent ductus 
arteriosus without a continuous murmur. 

Over the past three years, a diagnosis of patent ductus arteriosus was made 
and confirmed by operation or autopsy on 74 children of all ages at the Chil¬ 
dren’s Hospital of Pittsburgh (Table I). This series does not include any case 
in which a diagnosis has been made but not yet confirmed by direct visualiza¬ 
tion. No ease was included where a patent ductus arteriosus was present as a 
compensatory lesion, as in cyantoic heart disease. There are, however, in this 
series, those cases with an additional anomaly of the heart or great vessels, but 
in wliich the patent ductus arteriosus was not considered a compensatory lesion. 
There were 55 females and 19 males in this series. This corresponds with other 
reported series, in that there is a preponderance of females. Of the entire group 
of 74 cases, 22 (30 per cent) were under the age of 2 years. This paper is pri¬ 
marily an analysis of these 22 infants, since it was in this group that the diag¬ 
nosis was least frequently obvious and, conversely, the same group which pre¬ 
sented most often with symptoms wliich could be attributed to the patent ductus 
arteriosus. Of the 74 eases of all ages, there were 16 (22 per cent) in whom 
a systolic murmur only was heard prior to operation. As may be seen from 
Table I. 12 of the 16 patients in whom a continuous murmur was absent were 
under the age of 2 years. 


Table I. Age, Sex, and Type of Murmur in 74 Cases of Patent Ductus Ap.teriosus 


AGE GROUP 

XUMBER OF 
CASES 



SEX | 

—-— ------ 

MURMUR 


MALE 

j FEMALE I 

SYSTOLIC 

| CONTINUOUS 

Under 24 months 

22 


9 

13 

13* 

9 

Over 24 months 

52 


10 

42 

4 

48 

Total 

74 


19 

DO 

17* 

57 

•One had systolic and diastolic 

murmer. 





Analysis of the symptoms and physical findings in the children under the 
age of 24 months (see Table III) shows that nearly all of these children had a 
history of poor weight gain since birth. Also, many had dyspnea or frequent 
respiratory infections and 5 gave a history of intermittent minimal cyanosis, 
usually accompanying respiratory infections. Based on the Boston Children’s 
Medical Center Anthropometric Charts, all but one of these infants were in 
the third percentile or less for their age and weight. Their birth weights in 
general were slightly below average and only 4 were under five pounds at birth 
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Table III lists the physical findings in tins gioup of 22 infants In 9 
(41 pei cent) of tlieso infants, a continuous iniirmm -was heard Of the remain 
mg 13 infants, 12 had onlt a sistolic mmnmi located along the left sternal 
boidci In one infant, the muimui m ns sistolic and diastolic but not con¬ 
tinuous In most of this group the thull and muimui ucie of maximal intensity 
m the pulmonic area Ilotteici, in 3 infants (Cases 2, 9, 10) tilth proted 
patent ductus artenosus, the thnll and muimui ttoie maximal along the loiter 
left sternal bolder All shotved rocntgcnognplnc etidenee of caidiae enlaige 
ment and increased pulmonari tascuHi maibings In those infants nhere 
blood pressure it as obtained In the flush technique, the systolic piessuic onlv 
is listed 

The electrocardiogram shotted considerable taiintion (Table IV) In 10 
cases the axis tvas noimal, 11 of these had no Inpeitioplij fiom the pieeordial 
leads, m 3 there tins left icntiieulnr Inpertiopht and m 2, light tentrieular 
liypertiophy Right axis dctiation plus light tentuculai liypertiophr ttas 
piesent m 5 infants In one infant, thcic ttas left axis donation and no eti 
dence of tentrieular hypeitiopht fiom the piecoidial leads Foui of the 7 cases 
tuth light ventiieulai livpeitioplit had additional cardiac anomalies, one tilth 
coaictation, 2 tilth inteitentiiculai septal defects and one tilth icteised flott 
through the ductus Theie ttas no etidenee of additional caidiae anomalies m 
the lemaming 3 cases One of this gioup died and, at autopst, the only ah 
normality found ttas alarge patent ductus aitenosus 
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On the basis of a continuous murmur in the pulmonic area and other sub¬ 
stantiating evidence by physical examination and fluoroscopy of the heart and 
lungs, it was possible to make a diagnosis of patent ductus arteriosus in 9 of 
these infants when first seen. In the remaining 13 infants, the physical findings 
were suggestive of a patent ductus arteriosus; in these cases, however, the ab¬ 
sence of a continuous murmur made it impossible to differentiate this from other 



Fig. 1A,—Normal aortogram. 


lesions causing a left-to-right shunt. The lesion we considered most difficult 
to differentiate from a patent ductus arteriosus in these infants was a high 
ventricular septal defect. Both a patent ductus arteriosus and a high ventricu¬ 
lar septal defect may present with a similar history of poor weight gain, fre¬ 
quent respiratory difficulty, and a heart murmur heard during early life. Both 
conditions may present a systolic thrill and murmur heard along the left sternal 
border and a loud pulmonary second sound. The location of the thrill and mur¬ 
mur may not be helpful in differentiating between a patent ductus and a ventric¬ 
ular septal defect in these infants, since in several of our cases with proved patent 
ductus arteriosus, the thrill and systolic murmur were heard at the lower left 
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sternal border (Cases 2, 9, 10). Both conditions may exhibit increase in the 
over-all heart size and fluoroscopic evidence of increased pulmonary blood flow. 

Consequently, in those infants seen with the above findings, who showed 
evidence of poor development and cardiac enlargement, it was felt that ad¬ 
ditional studies were indicated if a patent ductus arteriosus could not be ruled 
out as the cause of the left-to-right shunt. Since the infants in this group were 
quite small, the average weight being eleven pounds, retiogiade aortography 
was considered moie practical than cardiac catheterization to establish the 



rig IB .—Aortosrom showing simultaneous ailing of the aorta and pulmonary artery. 

presence or absence of a patent ductus arteriosus. One infant (Case 8) had 
findings suggestive of a patent ductus arteriosus with reversal of flow. This 
infant had rather striking intcimittcnt cyanosis which was more marked in the 
lower extremities. In this case the diagnosis was confirmed by angiocardiogram. 
The diagnosis of patent ductus arteriosus was established by retrograde aorto- 
gram in 9 infants. 

In tiie majority of eases, retrogiade aoitogiapliy was carried out under 
general endotracheal anesthesia and a modification of the method described by 
Keith w’as used. The carotid sheath was exposed through a *« cm. traps' 
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incision at the anterior border of the left sternocleidomastoid muscle. The left 
common carotid artery was freed up and two heavy silk ligatures were passed 
around it but not tied. Using these ligatures to control bleeding, a 3 mm. 
longitudinal opening was made in the carotid artery. A No. 240 polyethylene 
catheter was then passed proximally in the carotid artery for a distance of 2 
to 3 cm. The lower ligature was then tied once around the vessel to hold the 
catheter in place. It was found by trial and error that a better concentration 
of the contrast medium was obtained if the tip of the catheter lay somewhat 
above the junction of the aorta and the left common carotid artery. After giv¬ 
ing a test dose to determine sensitivity, a rapid injection of 6 to 8 ml. of 35 per 
cent Diodrast was made into the carotid artery through the cannula, and a single 
anteroposterior chest x-ray taken at the exact moment of completion of the 
injection. During injection of the dye, the opposite common carotid artery 
was compressed by the anesthesiologist. After the film had been taken, the 
catheter was withdrawn and the opening in the vessel closed with a continuous 
suture of 6-0 arterial silk. The remainder of the incision required only two 
or three fine silk sutures for closure. Simultaneous demonstration of the dye 
in the aorta and pulmonary arteries by x-ray was considered diagnostic of an 
aorticopulmonary shunt (Pig. 1.). 

Using this technique, retrograde aortography was performed on 43 infants 
during this three-year period to determine the presence or absence of a patent 
ductus arteriosus. There were two deaths which could be ascribed to aortog¬ 
raphy, both early in the series, an over-all mortality of 4.6 per cent. It was felt 
that one of these deaths Avas definitely associated Avith an overdose of the contrast 
medium. The other infant demonstrated an interventricular septal defect, 
coarctation of the aorta, and subendocardial fibroelastosis at autopsy. If a 
patent ductus arteriosus Avas demonstrated by aortography, surgical closure Avas 
usually carried out Avithin a Aveek. 

In one infant, the aortogram Avas technically unsatisfactory, but a patent 
ductus arteriosus Avas demonstrated at operation. In one case, a coarctation of 
the aorta and a patent ductus Avere suspected before aortography and this di¬ 
agnosis Avas confirmed. In another, a questionable coarctation Avas seen on the 
aortogram, but there Avas no evidence of narroAving of the aorta at operation. 

Of the 22 infants Avith patent ductus arteriosus, 2 died before any definitive 
procedure could be carried out. One infant (Case 12) Avas admitted Avith pneu¬ 
monia and found to have the physical findings of a patent ductus arteriosus. 
Despite intensive efforts, the infection could not be controlled to a point Avhere 
the patient Avas considered a suitable candidate for anesthesia and the child died 
before operation could be carried out. Autopsy revealed only a large patent 
ductus arteriosus. Another infant (Case 19) Avas admitted Avith a severe re¬ 
spiratory infection. Although a continuous murmur Avas not audible, the phys¬ 
ical findings Avere suggestive of a patent ductus arteriosus. Retrograde 
aortogram Avas contemplated, hut before the respiratory infection could be 
controlled, the infant died suddenly. At autopsy, an uncomplicated patent 
ductus arteriosus was demonstrated. 
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Opeiation was earned out on the lcmniinng 20 infants m this senes Those 
patent dueti which weic 10 mm oi moie m width weie diuded between clamps 
and the ends closed by continuous sutuie The patent ducti smnllei than 10 mm 
m width weie closed bj the multiple ligatuie technique 12 Thcic weie no op- 
oiatne deatlis In the infant (Case S) with icveisal of flow thiongh the patent 
ductus, tcmpoiary occlusion of the ductus at opeiation pioduccd no deleterious 
effect and division w as cm i led out w ithout difficult j This patient has continued 
to piogiess satisfactonlv 

In 3 infants, theic was a icsidnal tin ill ovei the base of the lieait aftci 
occlusion of the patent ductus One of these infants (Case 10) died tinee 
months postopeiafndv and was found to liaie a laigc lcsidual intciatiial septal 
defect The othei 2 (Cases 0 and 11) me In mg and well and both are consideied 
to lime a icsidual intencntncular septal defect The one infant (Case 9) who 
had a coarctation of the aoita and an associated patent ductus aiteiiosus pio\ 
mial to the coaietation, died tlnec months postopeiatnelj In this ease, lesec 
tion of the coaietation, as well as dmsion of the patent ductus, had been con 
tempi,ited pnoi to opeiation However, aftci divisions of the patent ductus, 
the infant’s condition became so piccnrious that fnrthei suigeij was picclnded 
and the chest was closed Theiefoic, since onlv the pitent ductus aiteiiosus 
was diuded m this infant, the case is included in this senes 

Postoperative follow up on the icmainmg IS infants, over a penod from 
one to twent) seien months, icveals that all lime done well Nearly all have 
gained weight satisfactouh, have hccti less pi one to lespiratory infections, and 
hme been less lrntable 


SUVIW U!\ 

Persistent patency of the ductus aiteiiosus is most fiequentlj asymp 
tomatic during infancy and caih childhood Ilowovei, m some infants, a 
patent ductus aiteiiosus maj cause failnic to gam weight, lespiratoiv m 
factions, and cardiac enlaigoinent Jfanj of these infants with symptoms 
leferable to the patent ductus do not have a continuous murmur Conse¬ 
quently, the collect diagnosis is not obvious The physical findings in this 
group are similai to the findings m infants with left to light shunts at other 
levels In these infants, when evidence of caidiac enlaigement is piesent, the 
diagnosis must be established bj special studies During the period that this 
series was seen, operative pioccdures for closuie of septal defects were not 
available to us Consequentlj, retrogiade aoitogiaphy was considered the 
simplest method of establishing the picsence or absence of a patent ductus 
arteriosus in small infants With the successful dev elopment of techniques for 
open eardiotomj, cardiac cathctcnzation is indicated to establish the exact 
level of the left to right shunt 

It is also felt that if an infant has a left to right shunt at two levels, such 
as an inteiventneulai septal defect and a patent ductus aiteiiosus, these have 
an additive effect Consequently, definite benefit may he obtained by closuie 
of the patent ductus artcuosus 
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The frequency of patent ductus arteriosus without a continuous murmur 
is somewhat higher in this group than in other reported series. 55 The majority 
of cases presenting with systolic murmurs alone were infants. Consequently, 
it is felt that a diagnosis of patent ductus arteriosus should he considered in 
noncyanotie infants presenting with a systolic murmur and a history of poor 
weight gain. If there is evidence of increased pulmonary vascularity and 
cardiac enlargement, the diagnosis may be established by retrograde aorto- 
gram. If a patent ductus arteriosus is demonstrated, surgical closure can be 
2 ?erformed an a normal cardiovascular status restored. 
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Discussion 

DB. FBANCIS DAMMANN, JB., Charlottesville, Va.—I certainly enjoyed this paper, 
as I have the entire meeting. I am very glad that I was privileged to come. 

There are a few points I would like to re-emphasize and add in addition to what Dr. 
Adkins has said. It is very true that patent ductus in early infancy can cause death. 
It is true that unless one has a high level of suspicion, in many instances, the diagnosis 
will not be made or even thought of. Once it has been suspected I agree with the authors 
that the best and easiest technique for establishing the diagnosis is retrograde aortography. 
We have injected a 35 per cent solution of Diodrast into the left, not the right brachial 
artery, feeling that perhaps this keeps it away from the brain and may cut down the 
mortality. Obviously, this procedure does not rule out an aorticopulmonary shunt which 
may be missed unless the right brachial artery is used. I think we have established the 
diagnosis of patent ductus in about one half of the patients who have had aortograms. I 
would consider this an acceptable percentage because the frequency of cardiac decom¬ 
pensation and death in this group is high. 

There is another aspect that I think should be mentioned. We have seen several 
infants who have come out of cardiac failure and then developed a right-sided shunt. This 
indicates progressive pulmonary vascular disease. It seems to me that, if this process is to 
be avoided, early intervention, early interruption of the high pressure in the lungs, is very 
definitely indicated. 
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MR. RAYMOND HURT, London, England.'—I should like to report 2G cases of 
patent ductus nrtcriosus in infancy that have been operated upon by Dr. Drank tJerbodo 
in San Francisco. These infants have nil been admitted to hospital suffering from recur* 
rent attacks of heart failure associated with respiratory infection. Almost nil these 
patients had only a systolic murmur over the precordium, together with clinical evidence 
of heart failure. The diagnosis has been confirmed by retrograde aortogrnms done through 
the left brachial artery, by making a small incision under local anesthesia mid intro¬ 
ducing a needle into the artery under direct vision. Of the totnl number of infants studied 
approximately one fourth have had a surgically correctible lesion. AH these ducti ha\o 
been divided ami there has been no mortality. The benefit from the closure has been most 
satisfactory, even in those eases that !m\o had an associated abnormality. 

DR. EGBERT FELL, Chicago, Ill.—I wish to rc-cmphnsizo the importance of the 
paper that was so well presented by Dr. Adkins. We have learned the hard way regarding 
these little infants, and to ditto wo have had IS infants, one year of ago or less, with large 
open duett. The first 2 were not recognised and came to post-mortem, 14 are living nor¬ 
mally following closure of the ducti, the seventeenth was found to lm\e an aortic septal 
defect which was successfully closed, and the eighteenth died three hours after surgery in 
heart fniluro believed due to overhydration. 

Wo do not bolievc aortography is indicated, and believe that its use carries an un¬ 
necessary risk of major importance. Dr. Benjamin M. Gasul, our pediatric caidiologist, 
believes and clearly demonstrates that this anomaly can bo diagnosed clinically in almost 
every patient. The infant is sedated so that a careful satisfactory physical examination, 
electrocardiographic and x-ray studies can bo done. The machinery murmur is usually 
heard and a wide pulse pressuro found. The heart is enlarged and pulmonary vascular 
markings arc increased. If we carry out a thorough examination with a cooperative 
sedated infant, more successful diagnoses and cures of the so-called "malignant ductus" 
will bo reported. 

DR II. IIANSON, Stockholm, Sweden.—This discussion was not returned. Editor. 

DR. F. MASON SONES, ,1R., Cicvelnml, Ohio.—Over a six-year period, we hftxo en¬ 
countered 21 infants }(lunger than one year of age, who proved to have patent ducti and 
who did not have continuous murmurs. I feel very strongly thnt tho diagnosis in this 
situation is best made by cardiac catheterization. All these infants were studied b\ care 
ful auscultation under excellent conditions, and in none of them were we able to recognize 
a continuous murmur. Wc were unable to tell the difference between a huge patent ductus 
mid a large interventricular septal defect. In 20 of tho 21 infants in whom the diagnosis 
was proved, it was possible actually to catheterize the ductus. This can be done safely 
and is not difficult from a technical standpoint. It seems to me that the major factor in 
favor of retrograde aortography is thnt it can be accomplished quickly and with little loss 
of time. Catheterization certainly is more painstaking and does take a great deal more 
time, but offers a greater margin of safetv to the patient than is possible with retrograde 
aortography. 

DR. HERBERT E. WARDEN, Minneapolis, Minn.-—I riso to compliment Dr. Bauers* 
fcld and his coauthors for their very fine paper. In addition, I would like to thank them 
for stressing tho importance of tho patent ductus arteriosus in the infant age group, and 
to reaffirm their feeling that the surgical closure of a patent ductus in the presence of an 
associated interventricular defect, as it often is, nets a marked clinical improvement in the 
patient. This is often true even if nothing is done for the soptal defect. 

The patent ductus arteriosus has been the most frequent associated extracardiac con¬ 
genital anomaly encountered in the group of patients that wo have seen with septal de¬ 
fects. To date all but one of these occurred in patients in this joung age group. Preferen¬ 
tially, wo feel that the ductus should be closed at the same time that corrective surgical 
repair of the ventricular septal defect is carried out. However, if this jg not feasible and 
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the patient’s condition is deteriorating, a remission or at least a retardation or a slowing 
of the downhill course can be accomplished by the closure of the ductus even in the pres¬ 
ence of a persistent ventricular shunt. We have seen this occur in one patient who was 
moribund. The presence of an interventricular defect was not suspected in him prior to 
thoracotomy and therefore suitable preparations for intracardiac repair were not available. 
However, the ductus was transected and the patient made a remarkable recovery following 
this closure and some months later successfully endured the surgical repair of the inter¬ 
ventricular septal defect. 

DE. H. BBODIE STEPHENS, San Francisco, Calif.—I enjoyed this presentation and 
believe it would be advisable, when we discuss this subject of patent ductus arteriosus in 
infants, that measurements be made of the diameter of the ductus by calipers and, in 
addition, measurement of the diameter of the aorta and pulmonary artery be carried out 
at the same time. I think by so doing and by documenting and reporting these measure¬ 
ments, we might obtain additional information on this interesting subject. 

DE. S. EICHAED BAXJEESFELD (Closing).—I certainly appreciate all the discussion 
of this paper which Dr. Adkins presented. I should like to make one or two comments 
about some of the statements that have been made. 

First of all, we agree with Dr. Dammann about the importance of being aware of an 
atypical ductus. The diagnosis becomes easier when one realizes that a ductus can cause 
great difficulty and he is willing to hunt for this lesion. If one does not take all this 
trouble, one will not find it. We are indebted to Dr. Dammann for the initial studies of 
this condition. He reported a series of ducti very similar to our group in Circulation in 
1952 or 1953. In our own group of patients the majority were less than one year of age, 
only 5 being over twelve months. 

We agree with Dr. Fell that the pulse pressure is very important, although we have 
seen very large pulse pressures in patients with large ventricular defects. I certainly 
cannot agree with him about the continuous murmur. Likewise, in a recent report in 
Pediatrics from the Children’s Hospital in Philadelphia, a large series of ducti were re¬ 
ported in which continuous murmurs were found in the majority of the patients. It has 
been our policy to go into the operating room and listen to these patients while they are 
under anesthesia, yet we have not been able to find continuous murmurs even though we 
Jjknow that a ductus is present. In this regard we agree with Dr. Sones that aortograms 
are necessary to demonstrate the ductus. 

So far as measurements of the ductus are concerned, unfortunately we have not done 
this. We have approximated measurements. As a rule the ducti are as large as the aorta 
and in several cases the ductus was actually larger than the aorta. The statement about 
the risk of aortograms—this is true. It does carry a risk and in our own series this comes 
to some 5 per cent. On the other hand, the risk of missing the diagnosis of a ductus, and 
having the patient die, is even greater. Therefore, balancing these things, we certainly 
feel that aortography should be done. One thing that has struck us is that associated 
anomalies in these children are usually higher than are reported in other series of ducti. 
In our over-all group of some 74 patients, the incidence of additional defects amounted to 
10 per cent. In this particular group it is almost 20 per cent. 

At one time we thought the finding of right ventricular hypertrophy would help dif¬ 
ferentiate a patient with a patent ductus from one with an interventricular septal defect. 
However, as pointed out, 3 of our patients had right ventricular hypertrophy and nothing 
but a large ductus. At the present time, I do not believe that I can separate a patient with 
a ventricular defect from one with a ductus without going ahead with additional studies 
such as aortography. 



Letters to the Editor 


Uccenth, the Uditoi lcccncd a lettci fiom Bi Scjmoui Schot/ of The 
Piesbjtennn Hospital m Philadelphia obiecting to the discussion made by 
Ur Jerome IS Head, of Chicago, of the papcis dealing swth anesthesia that 
ucie published m the Oetolid issue of the Jouhn u Di Head’s lemarhs n eie 
as follows 

‘ The presentation of tin so interesting and excellent pipers before tins Association 
stems to mo important and appropriate Howtwr much the anesthesiologists have tried 
to argue us out of the contention, the nsponsibili<\ for the anesthesia lies with the sur 
goon, and for the surgton to pass it eutirilv to the anesthesiologist is against Hippocratic 
principles and against the principles of modern law I he findings presented in those pa 
pers also seem encouraging It means that what we had almost come to accept as a fated 
and una\oidnble accident is becoming an understandable phenomenon and a preventable 
phenomenon Among nil primitive peoples, when nn\thing is not understood and is po 
teutially disastrous, it is attribute 1 to evil spirits, and I woull confess that my attitudo 
toward cardiac arrest has been heretofore Inrgth on that basis One of the evil spirits 
has been tho anesthesiologist, but more specifienlh and lcis facitioush, for a long time I 
placed my faith m other \s a \oung man I went into the operating room and was given 
n can of ether and a masl and told to put people to sleep Ihcv all lived, which was 
very surprising to me, and I attributed it entirely to the fact that vou could not Kill peo 
plo with ether But I found out, over a period of vears, that I had had threo cardiac 
arrests under pure ether anesthesia all of them during induction I am sure now that this 
was becauso of inadequate relaxation and of multiple attempts to insert an intratracheal 
tube I was finnlh convinced that a long diflicult induction with multiple attempts to 
insert a tube was bad I should 1mvo said al«o that one of mv evil spirits was curaro, 
I turned to Pcntothnl and nitrous oxide and to controlled respiration, and I put my faith 
in that, as one would put lus faith in a god or a dance or whatever vou have I got along 
very well with tlmt until I rcalired that controlled respiration was of two Kinds, either 
manual or mechanical Uccenth I had a case of cardinc arrest due, I feel sure, to the 
fact that tho anesthesiologist became so interested in watching the resident put a catheter 
into a vein m the leg that lie forgot to pump tho bag That is a human, error and, as a 
result of it, I have gone to mechanical respiration and to hyperventilation Hyperventila 
tion may have certain drnwbacl s but thev aro much less than those of imderv entilation 
Therefore, at the present time as soon as I make the incision I begin to saw—‘Tho blood 
is blacK, come on, get going, the blood is blacK ' I do that at intervals all through the 
operation and so far it has worbed I have not had n cardiac arrest for a year 

‘ Theso papers are very interesting and very important but they do not show what 
happens during cardiac arrest I feel that evtrv anesthetic agent at the present time 
should bo considered experimental, that anv anesthesiologist who is not checking himself 
and being checked bv blood oxygen readings, by CO a annlvse9 and by the running elec 
trocardiogram, is not bung u gool anesthesiologist The only way m wlucli we will learn 
exactly what happens, exactly wliat causes cardiac arrest, is to have such data on a group 
of cases that have suffered cardiac arrest ’ 
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The letter from Dr. Schotz is as follows: 

To Die Editor of The Journal op Thoracic Surgery: 

It is difficult to read Dr. Head’s offensive remarks which appeared on page 176 of the 
October, 1956, issue of The Journal of Thoracic Surgery without saying to one’s self 
“He’s only joking,” and letting it go at that. But since this form of wit (which used 
to be so prevalent in the past and which fortunately seems to be disappearing from the 
average surgeon’s armamentarium) ceases to be funny in this era wherein those of us who 
are keenly interested in advancing the caliber of anesthesia practice are laboring to attract 
brighter minds to the specialty, it deserves some comment. 

Dr. Head states that for the surgeon to relinquish the anesthetic care to another 
person would be violating his Hippocratic oath. May I point out that for something close 
to 80 years, following the discovery of ether, surgeons in general did a fairly thorough 
job of relinquishing this responsibility by paying almost no attention to the problems of 
disturbance of physiologic processes which occur under anesthesia. These studies awaited 
the appearance on the scene of an inquisitive group of physicians who called themselves 
anesthestists. Surgeons in fact went even one step further and allowed the important 
task of rendering patients unconscious to fall into the hands of ill-trained nurses and 
inexperienced doctors. I am told that one famous surgeon, perhaps even as famous as 
Dr. Head, used his chauffeur for his anesthestist. I would say that it would take some¬ 
thing like a perverted sense of values to look upon such practices as carrying out one’s 
Hippocratic responsibilities. On the contrary there seems to be a strong feeling going 
about that the successful carrying out of many surgical manipulations calls for the most 
intimate collaboration of surgeon and anesthetist, each performing his task independently 
and in concert, that it is a physical impossibility for the surgeon to perform both tasks 
well unless he has a very marked divergent squint and could move from the operating 
position to the head of the table with the speed of an electronic switching device. With 
all due respect to Dr. Head’s fame as a surgeon, I doubt he is capable of doing that. 
In no branch of surgery has this intimate collaboration between the well-trained physicians 
m surgery and anesthsia proved itself more essential than in the field of thoracic surgery, 
ivhere both are literally working in the same area. Dr. Head’s suggestion that cardiac 
irrest is best prevented by a constant reference to blood being dark is hardly the answer 
to any question much less the serious question of the prevention of this catastrophe. It 
strikes me that it has been just the sort of practice which Dr. Head recommends which 
has been as responsible as anything else in failing to bring to light some of the important 
aspects of the alteration in human physiology under the stresses of anesthesia and surgery. 
We need clear and scientific minds for this problem, not minds warped by seeing this or 
that as an evil spirit. 

Dr. Head’s final remark was so important to my way of thinking that I wish he had 
said just this and nothing else. He refers to the need for special equipment for determin¬ 
ing the oxygen saturation of the arterial blood, for monitoring CO. in inhaled mixtures 
and for a continuous perusal of the electrocardiogram, that all this should be the routine 
in good anesthesia practice. It is an interesting fact that many of these devices are on 
the market and could be used a good deal more routinely, at least in major intrathoracic 
operations. May I point out that most of these instruments are extremely expensive and 
can hardly be paid for in so much operating room feet. There is a crying need for reap¬ 
praisal of the funds allocated for all the fancy trimmings which seem to be a part of the 
modern hospital with perhaps a greater allocation of funds for the purchase of these in¬ 
struments which would tell us more about our patients. Now there is an evil spirit for 
Dr. Head to attack. 

Very truly yours, 

Seymour Schotz, m ti 
Chief, Department of Anesthesiology 
The Presbyterian Hospital in Philadelphia 
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The Jlthtoi suit a cop} of Di Schot/S Icttci 1o Di Head mfoiming him 
that il lie wished he could publish a itpl v \ Di IIcul’s reply is as follows 
lo the Editor of lm Touts vi op Tnoi \ck Sirwrn 

I quito igrec with \ou that the discussion of our pipers should be open to discussion, 
imi X uould lie \crj gin i to ha\c vou print J)r Schot/s letter concerning nn discussion 
I am verv sum that lie tool offense where no offense w is intendul I ha\c rtrtad mv 
distus-iou and fail to see tint it could ruisonnbh give offense 

I agree with Dr Stliot/ that tlu probhm of cardiac imst under anesthesia is a 
tremendouslv serious matter I disagree with him onh in his statement that the speuaUv 
of uiisthtstolog} is in neid of brighter minds Mv < \pencncc with anesthesiologists has 
been verv goo l and I am convinced that thev haw. contribute! lmportanth to the recent 
great ndvances in surge rv However, the' are onh human, and when X sec that the bloo 1 
is dark, ns X too frequcntlv do even without turning mv load towarl the hoad of the 
table, X feel that I am justified in bung ulannul and calling attention to it, and inasmuch 
as I am convinced that anoxia and livfercnpnin art cvtriniilv dangerous, and hvpervcntila 
tion is infinite!} less dangerous, I ft el justified in preferring to have mv patients hjper 
ventilited rather than hvpnwutjIaU 1 Jurtheramre, I do not ‘•(e how n«\ surgeon can be 
other than deeply concerned about the fact that car line arrest during anesthesia has be 
como ono of the elm f causes of dintli in surgtrv Hie patients conic to the surgeon for 
treatment of their diseases, reasonable an 1 legalh Ito is the onh one baste ilh responsible 
to seo that thev come through the ordial ab\e and well 1 lehevo that it is im attitude 
on this point which was chiefly offensive to J)r Schot/ 

If jou decide to print Dr Schot/s letter, I would appreciate it v<rv much if \ou 
would reprint mj discussion and print tins letter with it 

Verv sincere h vour**, 

•TiroMF R Hfvii, AID 

5T Tast \\ aslmi^ton Street 
Chicago 2, Illinois 





American Association for Thoracic Surgery 

CONSTITUTION 
(As Amended to May 8, 1956) 

Article I. Name 

section 1.—This Association shall be known as the American Association 
for Thoracic Surgery. 

Article II. Object 

section 1.—The object of the Association shall be to encourage and stimu¬ 
late investigation and study that will increase the knowledge of intrathoracie 
physiology, pathology, and therapy, to correlate such knowledge and dis¬ 
seminate it. 

section 2.—To attain this object, the Association shall hold at least one 
scientific meeting every year in which free discussion shall be featured; shall 
conduct a Journal for the publication of the papers presented at this meeting, 
and other acceptable articles; and shall undertake such other activities as the 
Council or the Association as a whole may decide. 

Article III. Membership 

section 1.—There shall be four classes of members: Active, Associate, 
Senior, and Honorary. Admission to membership in the Association shall be 
jy election. There shall be no numerical limits on any class of membership. 
Duly Active and Senior members shall have the privilege of voting or holding 
ilective office. 

section 2.—Election to all classes of membership shall be for life, subject 
:o the provisions of Section 3, following. 

section 3.—Membership may be voluntarily terminated at any time by 
members in good standing. The Council, acting as a Board of Censors, may 
recommend the expulsion of a member on the grounds of moral or professional 
delinquency, and submit his name, together with the grounds of complaint, to 
the Association as a whole at any of the regularly convened meetings, after 
giving the member so accused ample opportunity to appear in his own behalf. 

Article IV. Officers and Government 

section 1.—The officers of the Association shall be a President, a Vice- 
President, a Secretary, a Treasurer, an Editor, and five Councilors. These ten 
officers and councilors shall be the governing body of the Association, and shall 
have full power to act on all matters, except as follows: 

1. They may not alter the initiation fees or annual dues, nor levy any 
general assessments against the membership, except that they may, in indi¬ 
vidual cases, remit annual dues or assessments. 
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2. They may in no wise change the Constitution or By-Laws. 

3. They may neither elect new members nor alter the status of existing 
members, other than to apply the provisions of Article III, Section 3. 

4. They may not deplete the principal of the Endowment Fund. 

section 2.—Officers and Councilors shall he elected at the annual meeting 

of the Association, and shall take office upon conclusion of the meeting. The 
President and the Vice-President shall be elected for a one-year term of office 
and neither may be re-elected to succeed himself in the same office. The Secre¬ 
tary, the Treasurer, and the Editor shall he elected for a onc-ycar term of office, 
and any or all may be re-elected indefinitely. The outgoing President shall 
automatically become a Councilor for a one-year term of office. The other four 
Councilors shall bo elected, one each year, for a four-year term of office, but 
no Councilor may he re-elected to succeed himself. 

section 3. —Vacancies occurring among the officers and councilors during 
the year shall be temporarily filled by action of the Council, subject to approval 
of the Association at the next regularly convened meeting. 

Article V. Committees 

section 1.—At the opening session of the annual meeting there shall be 
elected, after nomination from the floor of the Association, a Nominating Com¬ 
mittee of three. This Committee shall prepare a slate of nominees for officers 
and councilors and shall present their report at the executive session of the 
Association. 

section 2.—The Council is empowered to appoint a Membership Com¬ 
mittee, an Auditing Committee, a Program Committee, a Necrology Committee, 
and such other committees as may in its opinion be necessary. All such com¬ 
mittees shall render their report at the executive session of the Association. 

section 3.—The Editor is empowered to appoint an Editorial Board, sub¬ 
ject only to the approval of the Council. 

section 4.—The Association as a whole may authorize the Council to ap¬ 
point Scientific or Research Committees for the purpose of investigating thoracic 
problems and may further authorize the Council to support financially such 
committees to a limited degree. In appointing such committees, the Council 
shall be governed by the provisions of the By-Laws. 

Article VI. Finances 

section 1.—The fiscal year of the Association shall run from the beginning 
of one annual meeting to the beginning of the next annual meeting. The books 
of the Association shall be kept and audited on this basis. 

section 2.—Members shall contribute to the financial maintenance of the 
Association through the medium of initiation fees, annual dues, and special 
assessments. The amount of the annual dues and the initiation fees shall be 
determined by the By-Laws. 

If, at the end of any fiscal year, there be a deficit in the current funds of 
the Association, the Council may send out notices to that effect •• O', 
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tive Members to contribute the necessary amount so that no deficit be carried 
over from one fiscal year to another. The Association may, in any regularly 
convened meeting, vote a special assessment for any purpose consistent with 
the objects of the Association (Article II), and such special assessment shall 
become an obligatory charge against the classes of members affected thereby. 

section 3.—To meet the current expenses of the Association, there shall be 
available all revenue derived from annual dues, special assessments, and income 
from Endowment Fund, subject to the provisions of Section 4, following. 
Funds derived from the payment of initiation fees shall not be available for 
current expenses. 

section 4.—All funds derived from the payment of initiation fees shall be 
placed in a special fund, to be invested and reinvested in legal securities, to be 
held intact, and to be known as the Endowment Fund. The Council is respon¬ 
sible for the proper management of the Endowment Fund, and may divert any 
surplus in the current funds of the Association into this fund, but may not 
withdraw any of the principal of the Endowment Fund except in accordance 
with the provisions of Section 6, following. 

section 5.—The income from the Endowment Fund shall be expended as 
the Council directs. 

section 6.—The principal of the Endowment Fund may be withdrawn, 
in whole or in part, under the following conditions only: The amount of prin¬ 
cipal to be withdrawn shall have been approved by the Council; it shall have 
been approved by a majority of the members present and voting at a regularly 
convened annual meeting; it shall have been tabled for one year; it shall have 
been finally passed by a three-fourths vote of the members present and voting 
at the next regularly convened annual meeting. 

section 7. — In the event of the dissolution of the Association, the Endow¬ 
ment Fund shall be distributed among national institutions of the United States 
and Canada in a proportion equal to the then existing ratio between the numbers 
of citizens of the two nations who are members of the Association. 

Article VII. Meetings 

section 1. — The time, place, duration, and procedure of the annual meet¬ 
ing of the Association shall be determined by the Council, and the provisions 
of the By-Laws. 

section 2.—A special meeting of the Association may be called on one 
month’s notice on the written request of fifteen members. The specific pur¬ 
poses of the meeting must be stated in the request and in the official call for 
the meeting. 

section 3.—The annual meeting of the Council shall be held at or near 
the close of the fiscal year. 

Article VIII. Amendments 

section 1. — This Constitution shall in no wise be changed except by a 
three-fourths vote of the members present at an annual meeting, and further 
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pioudod that the pioposed nltciation oi amendment shall hate been mm ed 
and seconded at a pica ions annual meeting and that punted copies of the 
suggested altcialion oi amendment shall haae been cn ciliated among the mem 
lieis, and that the membcis shall base been spccificalh adaiscd that such nl- 
tention oi amendment mil he soted upon 

BY-LAWS 

Aitucir I 

Sfction 1—Those Bj-Laws shall mciely liitupiet the Constitution and 
speeificallj apph its piinciples 1 hea shall set foitli no pnnciples not in 
eluded in the Constitution 

Aariri.r II 

section 1—All papeis jead befoie the Association shall become the 
piopertj of the Association Authois shall lease onginal copies of then 
mniniscupts with the Bditoi oi Bcpoitei, at the time of piosontation, foi pub 
lication in the official journal 

sfctjov 2—When the numhci of pnpcis makes it dcsuable, the Council 
mar lefjune authois to picsent then papeis m ahstiact, and mar set a time 
limit on discussions 

section 3—Members aic uiged to coopciate with all Scientific Committees 
of the Association 

sfction 4—Attendance at Annual Meetings and participation m the 
scientific piogiams shall be optional foi all ITonoiai) and Seinot Membcis 
but it shall he eNpoctcd fiom all Actnc and Associate Membcis 

section 5—Mlule the scientific session of the annual meeting is held 
pnniaiily foi the benefit of the membcis of the Association, it maj he tin own 
open to noninembers who are able to submit satisfactoij ciedenfials, who legistei 
in a specified numnei, and who par such legistiation fee as lime he deteiimned 
and published be the Council fioni vcai to seai 

Artnci.c III 

section 1 —Candidates ioi mcmhcrslup m this Association must be foi mall} 
nominated and seconded, in an appioscd maunei, bj not less than three Actire 
oi Semoi Membcis Such nomination must base been m the hands of the 
Membeislup Committee foi not less than four months, and the name of the 
candidate must liaae been distubuted to the Association as a whole befoie 
final action may be taken on anr new candidate foi election to Actn e oi As 
sociate Membeislup Piomded the foiegoing requnements base been met, 
and the candidates haie been appioied hr the Membeislup Committee and by 
the Council, then names shall he presented to the Association at a regulailj 
conrened annual meeting for final action A tin ee fourths iote of those 
piesent and \ohng shall be lequned to elect Any candidate foi membeislup 
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in this Association who has failed of election for two successive years shall 
automatically cease to he a candidate and may not be renominated until after 
a lapse of three years. 

section 2.—There shall be no numerical limit on Active Membership. The 
candidate, to be eligible, must be a citizen of the United States of America or 
of Canada, unless in unusual cases this citizenship requirement shall have been 
waived by the Council. The candidate shall have achieved distinction in the 
thoracic field, or shall have made a meritorious contribution to knowledge per¬ 
taining to thoracic disease or its surgical treatment. Under usual circumstances, 
Active Members shall be elected from the Associate Members who have satisfied 
all requirements for Active Membership. Under unusual circumstances, Active 
Membership may be awarded to new candidates of outstanding distinction. 

section 3.—There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may be a citizen of any country. All candidates 
for Associate Membership shall be engaged actively in the practice of clinical 
medicine, or in teaching, or investigative work in the basic sciences underlying 
clinical practice, and all shall have demonstrated an active interest in thoracic 
disease. In the case of those who are engaged in the independent practice of 
thoracic surgery, it shall be required that they present evidence of sound basic 
training in general as well as thoracic surgery. Clinicians of outstanding abil¬ 
ity, whose interest is limited to a small fraction of the entire thoracic field, may 
be elected to Associate Membership. 

section 4.—The number of Senior Members shall be unlimited. The 
candidate, to be eligible, must have been an Active Member of the Association 
for not less than ten years or, having been an active Member, have passed the 
age of sixty years, or become incapacitated by illness. 

section 5.—Honorary Membership shall be reserved for such distinguished 
persons as may be deemed worthy of this honor by the Council with concurrence 
of the Association. 

section 6.—The report of the Membership Committee shall be rendered at 
the annual Executive Session of the Association. Candidates shall be presented 
in groups in the following order: Candidates for Honorary Membership; retire¬ 
ment of Active Members to Senior Membership; candidates for Active Member¬ 
ship; candidates for Associate Membership. 

section 7. — The Council shall recommend that any Active or Associate 
member whose dues are in arrears for two years, or who has been absent, 
without sufficient excuse, from three consecutive annual meetings, shall have 
his membership terminated. 

section 8.—Notwithstanding Section 7, any member of the Association 
over 60 years of age is excused from the attendance requirement and upon his 
specific request may likewise be excused from the payment of dues. 

Article IV. 

section 1. — The President of the Association shall perform all duties cus¬ 
tomarily pertaining to the office of President. He shall not only preside at all 
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meetings of the Association, but also at all meetings of the Council. The 
President shall be elected from the Active Members of the Association. 

section' 2.—The Vice-President of the Association shall perform all duties 
customarily pertaining to the office of the Vice-President, not only as to the 
Association, but also as to the Council. The Vice-President shall be elected 
from the Active Members of the Association. 

section' 3.—The Secretary of the Association shall perform all duties cus¬ 
tomarily pertaining to the office of Secretary. Ho shall serve not only as 
Secretary of the Association but also as Secretary of the Council. The Secre¬ 
tary shall be elected from the Active Members of the Association. 

section' 4.—The Treasurer of the Association shall perform all duties per¬ 
taining to the office of Treasurer. Ho shall not only serve as Treasurer of the 
Association but shall also serve as custodian of the Endowment Fund. The 
Treasurer shall he elected from the Active Members of the Association. 

section' 5. — The Editor of the Association shall be the Editor of the 
official Journal and shall, ex officio, be the Chairman of the Editorial Board. 
The Editor shall be elected from the Honorary, Active, or Senior Members of 
the Association. 

section' 6.—The Councilors of the Association shall hold office as specified 
in the Constitution. They may be elected from either the Active Members or 
the Senior Members of the Association. 

section" T.—In the event of a vacancy occurring in the office of President, 
the Council shall advance the Vice-President to the Presidency and appoint a 
new Vice-President under the Provisions of Article IV, Section 3, of the Con¬ 
stitution. 

Article V. 

section 1 . — The Nominating Committee shall consist of three Active or 
Senior Members elected in accordance with the provisions of Article V, Sec¬ 
tion 1, of the Constitution. The Council shall instruct the Committee as to 
the vacancies which are to he filled by election. 

section- 2.— The Membership Committee shall consist of seven Active or 
Senior Members appointed in accordance with the provisions of Article V, 
Section 2, of the Constitution. The Council may appoint not more than one 
of its own members to serve on ttiis Committee. The duties of the Membership 
Committee are to investigate all candidates for membership in the Association 
and to report their findings as expeditiously as possible to the Council through 
the Secretary of the Association. This Committee is also charged with search¬ 
ing the literature of this and other countries to the end that proper candidates 
may he presented to the Association for consideration. Appointment to this 
Committee shall be for a period of one year, and not more than five of the 
members may ho reappointed to succeed themselves. This Committee is also 
charged witli maintaining a record of membership attendance and participation-- 
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in the scientific programs and reporting to the affected members and to the 
Council any deviations from the requirement of Article II, Section 4, of these 
By-Laws. 

section 3. — The Auditing Committee shall consist of three Active or Senior 
Members appointed in accordance with the provisions of Article V, Section 2, 
of the Constitution. None of these may be selected from the officers or councilors 
of the Association. Their duty shall be to audit the accounts of the Association 
at the end of each fiscal year and render their report to the Council of the 
Association through the Secretary. Appointments to this Committee shall be 
made for a one-vear term. Not more than two members may be reappointed 
to succeed themselves. 

section 4.—The Program Committee shall consist of five members: The 
President of the Association, the Secretary of the Association, the Editor of 
the Association, and two members at large, one of whom shall be resident at 
or near the place of annual meeting. The duties of this Committee shall be to 
arrange, in conformity with instructions from the Council, the scientific pro¬ 
gram for the annual meeting. 

section 5.—The Necrology Committee shall consist of one or more Active 
or Senior Members, and shall be appointed in accordance with the provisions 
of Article V, Section 2. of the Constitution. Appointments to this Committee 
shall be for a one-year term of office. Any or all members of this Committee 
may be reappointed to succeed themselves. The Council may, if it so desires, 
appoint one of its own members to serve as Chairman of this Committee. The 
duties of the Necrology Committee shall be to prepare suitable resolutions and 
memorials upon the deaths of all members of the Association and to report 
" such deaths at every annual meeting. 

> section 6. —The Editorial Board shall be appointed by the Editor, subject 
only to the approval of the Council. The Editor shall be. ex officio, the chaii'- 
man of this board and shall be privileged to appoint and indefinitely reappoint 
such members of the Association, regardless of class of membership, and such 
nonmembers of the Association as in his opinion may be best calculated to 
meet the editorial requirements of the Association. 

section 7. — •When Scientific or Research Committees are authorized by the 
Association, the Council shall appoint the Chairmen of these Committees, with 
power to organize their committees in any way best calculated to accomplish 
the desired object, subject only to the approval of the Council. Financial aid 
rendered to such Committees shall not exceed such annual or special appropria¬ 
tions as may be specifically voted for such purposes by the Association as a 
whole. 

Article YI. 

section 1.—Honorary Members of the Association are exempt from all 
initiation fees, dues, and assessments. 

section 2.—Annual dues for Active Members shall be $30.00. 
section 3. — Annual dues for Associate Members shall be $25.00. 
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section 4.—Senior Members nre exempt from dues. 

section 5.—Initiation fee for those elected directly to Active Membership 
shall he $15.00. 

section 0.—Initiation fee for those elected to Associate Membership shall 
he $10.00. If and when an Associate Member is elected to Active Membership, 
he shall pay an additional $5.00 initiation fee. 

section' 7.—Income from the Endowment Fund shall he expended as the 
Council directs. 

section S.—Associate and Active Members must subscribe to The Journal 
or Tiiokutc Sukueuy to retain their membership status. 

section' 9. —Senior Members may retain their membership status without 
the payment of annual dues and subscription to The Journal or Tnor. vcic 
Suroerv is optional. 

(Note.—Bills for membership dues and for subscriptions to The Journal 
or Thor vcic Suroerv i rill be mailed In members by the Treasurer after the 
Annual Meeting.) 

Article VII. 

section 1.—•‘When the Association convenes for its annual meeting, it shall 
immediately go into executive session, but the business at this session shall he 
limited to: 

1. Election of Nominating Committee. 

2. Appointment of necessary committees. 

•7. Miscellaneous business of an urgent nature. 

section 2.—The annual executive session of the Association shall he held 
at the opening of the afternoon session of the second day of the meeting. The 
order of business shall be: 

1. Reading of the minutes of the preceding meetings of the Association 
and Council. 

2. Repoit of the Treasurer for the last fiscal year. 

3. Report of the Auditing Committee. 

4. Report of the Treasurer for the current year to date. 

5. Report of the Necrology Committee. 

G. Report of the Program Committee. 

7. Action on amendments to the Constitution and By-Laws. 

8. Action on recommendations emanating from the Council. 

9. Unfinished Business. 

10. New Business. 

11. Report of the Mcmbcisliip Committee. 

12. Election of new members. 

13. Report of the Nominating Committee. 

14. Election of officers. 

section 3 — At the annual meeting of the Council the c— 1 - ' ' — : - 

shall he: 

1. Reading of minutes. 

2. Treasurer's report. 
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3. Appointment of committees. 

4. Determination of instructions to be given to Auditing, Membership, 
Necrology, and other committees except Program Committee. 

5. Determination of details in connection with the annual meeting. 

6. Appointment and instructions to the Program Committee. 

7. Unfinished Business. 

8. New Business. 

section 4.—There shall be an annual meeting of the Council. 

Article VIII. 

section 1.—These By-Laws shall in no wise be changed except by a two- 
thirds vote of the members present at the annual meeting or a properly con¬ 
vened meeting of the Association, and further provided that the proposed ac¬ 
tion or amendment shall have been moved and seconded by not less than three 
of the members in a properly convened annual or special meeting of the 
Association. 

section 2.—These By-Laws may be suspended in whole or in part for a 
period of not more than twelve hours by a unanimous vote of those present 
at any regularly convened meeting of the Association. 
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Fig. % —Roentgenogram following direct needle puncture and injection of TJrokon into 
left ventricle of a normal dog. The needle is seen entering the left ventricle from below. 
The competent mitral valve prevents regurgitation of the contrast medium into the left 
atrium. 



Pig. 2.—Retrograde catheterization of the left ventricle of a normal dog and dye in¬ 
jection through a No. 9 Lehman aortic catheter. The left ventricle, mitral valve area, sinuses 
of Valsalva, and a coronary artery branch are visualized. No dye has refluxed into the 
left atrium. 
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1 Ig J —Dlafciaromatic representation of mntomic details of roentgenogram shown In rig 2. 



*ig 4—The anatom* of the normal dorr aortic \alvc and arch follow ing injection of 
<0 per cent Urokon through a retrogiade catheter with tip m ascending aorta No dye is 
seen in the left \entriclc 
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border. This margin represents the elosed mitral valve. The normal competent 
mitral valve prevents visualization of the left atrium which lies just posterior 
to this sharp crescent-shaped border. In this projection, the valve lies so that 
the posteromedial commissure is at the base of the aorta and the anterolateral 
commissure opposite. The outline of the ventricle is sharp and the entire 
ventricle is filled with contrast medium. The contour of the ventricular chamber 
differs depending on whether the film is taken in systole or diastole. Visualiza¬ 
tion of the aortic valve leaflets and the bulging sinuses of Valsalva is especially 
clear. 

When radiopaque material is injected into the ascending aorta through 
an arterial catheter, the sinuses of Valsalva, the coronary arteries, and the 
aortic valve leaflets are sharply visualized. Xo dye is seen in the left ventricle 
(Fig. 4). In a series of 19 injections of contrast medium into the left ventricle 
by both techniques, and ten injections of contrast medium into the ascending 
aorta by retrograde arterial catheterization, complete competency of the 
mitral and aortic valves in normal clogs was demonstrated. 

The Heart in Mitral Insufficiency .—In 20 of the 38 dogs studied, mitral 
insufficiency was created as described and radiographic studies recorded. Fig. 
5, A and B, demonstrates the results of direct and of retrograde injection of con¬ 
trast medium into the left ventricle of 2 dogs with experimental mitral in¬ 
sufficiency. Because of the damaged mitral valve, the dye regurgitates freely 
into the left auricle. The retrograde arterial catheter makes it possible to in¬ 
ject a greater volume of dye more rapidly than by the needle technique, and a 
denser roentgenogram results. 

Chronic Mitral Insufficiency .—Serial x-rays obtained over a period of one 
cyear in a dog with chronic mitral insufficiency are illustrated in Fig. 6. The 
"increasing size of the auricle is apparent by either of the two techniques of in¬ 
jection. In some animals, the insufficient mitral valve in time becomes com¬ 
petent once again by the heaping up of granulation and fibrous tissue at the 
edges of the operative lesion. Fig. 7 demonstrates the x-ray films of a dog, 

2 months, 5 months, and 7 months after the creation of a small mitral in¬ 
sufficiency. The x-ray at 7 months Avas interpreted as showing no regurgita¬ 
tion and the dog Avas then re-explored. No apparent regurgitation could be 
detected at that time either by digital examination or by pressure recordings 
from the left atrium. Post-mortem examination revealed the lesion in the 
posterior leaf of the mitral valve to be healed by fibrosis around the edges of 
the previous valve rupture. Fig. 8 illustrates examples of marked mitral in¬ 
sufficiency of'6 months’ duration in 2 dogs using both techniques of injection. 

The group of 20 dogs, Avitli experimentally produced mitral insufficiency, 
Avere folloAved Avitli serial radiographic studies at tAvo- to three-month intervals 
by direct and retrograde injection of contrast material. In all cases, where Iavo 
or more successive x-rays revealed that mitral insufficiency no longer existed 
a second operation confirmed the presence of a competent valve. There Avere 

3 dogs in Avhich tAvo consecutive x-rays Avere inconclusive. At operation a 
small regurgitant jet could be intermittently felt in 1 and a small but definite 
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Fig: o —The roentgen appearance of the dor heart with expet imentallj produced 
insufficiency free reflux of d>c into the left atrium thiough the incompetent rmtial 
is seen after left ventricular injection vt, direct needle punctute of left ventricle B. 
grade catheterization of left ventricle 
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regurgitant jot could be felt in 2. There was no obvious change in the left 
atrial pressure curve in any of these .'5 eases. Of the other 17 dogs, 4 had no 
mitral insufficiency, two to six months postopcratively, as demonstrated by 
x-ray and confirmed at re-exploration. There were 13 dogs with varying 
degrees of insufficiency demonstrable by dye injection, which persisted for ns 
long ns 15 months after the creation of mitral insufficiency. 



c. 

Kip. fi—ContM. C, 1 year Inter. 


Mitral Insufficiency and Mitral Stenosis. —The double valvular lesion of 
mitral stenosis and mitral insufficiency was produced and x-rays recorded in the 
manner described. Pig. 9 illustrates the roentgen appearance of the left cardiac 
chambers in dogs with combined mitral stenosis and mitral insufficiency. The 
size of the mitral orifice and the position of the experimental stenosis may 
be estimated from the films in many eases. In Pig. S), -1, the stenosing suture was 
passed around the atrium above the mitral annulus and the left circumflex 
coronary artery. In this film the constriction of the atrium just above the 
annulus is obvious. The stenosis is ol' moderate degree. Fig. 9, B. reveals the 
x-ray in a dog with severe mitral stenosis and moderate insufficiency. In 
this case, the stenosing suture was tightened in a plane just below the left 
circumflex coronary artery. The narrowing of the mitral valve area is clearly 
visualized. The left circumflex coronary artery appears to be uninvolved by 
the circumflex suture. Pressure tracings recorded at the time of the surgical 
production of mitral stenosis revealed evidence of a markedly elevated left 
atrioventricular diastolic pressure gradient. In Pig. 3 0, -4, the x-ray reveals a 
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7 —Spontaneous 


healing ot experimentally produced mitral insufficiency, 
postoperatnely; B, 5 months postoperatnely 


A, Two months 
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significant mitral insufficiency. In this animal, at a second operation, a 
stenosing suture was passed and tightened around the mitral ling below the 
annulus. A subsequent dye injection rescaled apparent i eduction in the 
amount of mitral rcguigitation (Fig. 10, IS). It should be noted that when a 
ciicumfcicntial stenosing suture is passed mound the mitral ring below the 
annulus, the course of the coronary artery may occasionally be modified and in 
Fig. 10, 11, the budding of the eiieumflex coronary aitcry is obvious. 



ric 7—Cont’il C, 7 months postopcr.itU cly. Tim ic.Kuri,ltnnt Jot ot contrast innUum 
lint ilisippcnred 7 months after the lesion uns created. No mitral lnsulllclencj could he 
detected at rc-cxploratlon or at post-mortem 

Aortic Insufficiency. —The normal aortic vnhc was studied by retrograde 
aortic catheterization and dye injection in 10 dogs. In 5 dogs, aoitic insuf¬ 
ficiency was produced and studied by the same technique. With a competent 
aortic valve as shown in Fig. 3, dye intioduccd into the ascending aorta out¬ 
lines the aortic valve, sinuses of Valsalva, and the coionaty artciics. No dye 
is seen in the left ventricle. Fig. 11 demonstrates the appearance of the loent- 
genogram in a dog -with aoitic insufficiency. Free leflux of the contrast 
medium into the left ventricle has taken place. 

Cine-angiography .—The image intensified makes it possible to lecord high¬ 
speed motion pictmes of a fluoroscopic screen at the rate of 48 flames per second 
during the injection of radiopaque media into the ascending aorta, the left 
ventricle, and the leit atrium. These motion pietuies demonstrate the dynamic 
details of vah ular anatoms- and function both in the normal and in the experi¬ 
mentally altered state. The flow of dye from one caidiac chamber to another 
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is cleaily wsiwli/wl as uell ns the motion of the \nhe leaflets The mixing and 
diluting of the dje with blood giaphieally demons! intis the action of eddy 
cull cuts in the hcail ehamheis besscr degsecs of aottie and nut ml itisuf- 
fieienues nmj he detected m this tnmtnei and this teehniiiite may jield addi¬ 
tional infmmation in loenli/mg and dctci mining tile size oi xniious talxttliu 
lesions 




Fig 9 —Mitral stenosis and insufllcicncj A , The stenoslng circumferential mitral suture 
has modetatelj narrowed the left atrium alxne the mitral annulus B, The suture has been 
passed just below the mltr tl annulus and has produced a high grade of stenosis Mitral 
regurgitation is still readily \lsible despite the marked narrowing of the mitral orifice 
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•Chronic mitral insufficiency of 6 months* duration. The considerable enlargement of 
the left atrium and dilatation of the pulmonary veins is apparent. 
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is clearly visualized as well as the mot ion of the valve leaflets The mixing and 
diluting of the dye with blood graphically demonstrates the action of eddy 
currents in the heait chambers Lesser degtees ot not tie and mitral insuf¬ 
ficiencies may he detected in this manner and this technique may yield addi¬ 
tional information in localizing and deteimining the si/e of vaiimts valvulai 
lesions. 



has tSjcrateb'narrmJ^i .. a , ni } Insutllclcnp A. The stenoslmr circumferential mitral saltire 
passed just fti 0 ,f «2 C i,, th0 , lcrt ”( rlum “'T 0 tlle V lUr! ! 1 ann , ul 'is It, The suture has been 
reeurgaition Is Rttll reli ef °R" ! as P r0 ,' lu 5 <!l1 a "IMi erailc ot stenosis. Jtltml 
KUU r «a*i»y ^ivible despite the marked narrow ini? of the mitral orifice 
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Complications .—In the over-all series of 38 dogs, no dog developed any 
permanent deleterious effect following a single intraventricular injection of the 
radiopaque medium. Bursts of premature ventricular contractions character¬ 
istically occurred at the time of the injection with a transient drop in blood 
pressure. However, when repeated and closely spaced injections were carried 
out, the dogs frequently developed serious arrhythmias, hypotension, and, in 
some cases, died. 

A. 



B. 

Fig. 10.—Mitral Insufficiency and stenosis. A, The lesion of mitral insufficiency alone 
shown. B, Two months later a moderately tight stenosing suture has been superimposed 
the incompetent mitral valve. An apparent reduction in the degree of mitral regurgitation 
has taken place. Xote the tortuosity of the left circumflex coronary artery produced by the 
mitral stenosis. 


Approximately 91 direct injections and 20 retrograde injections into the 
left ventricle were carried out in the colony of 20 dogs with mitral insufficiency. 
These dogs were usually subjected to only one or two injections of contrast 
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medium during any one 24-hour period. In this long-term series, tlioie were 
two fatalities with the direct injection technique and none using the retrograde 
catheter. The first fatality took place when the needle slipped hack into the 
wall of the heart and 5 to 10 e.e. of dve was injected into the left ventricular 
myocardium (Fig. 12, ,1). The dog suffered a convulsion and died immediately. 
The second dog was found dead 30 minutes after the cardiac puncture and injec¬ 
tion. Post-mortem examination mealed several hundred cubic centimeters of 
Mood in tiie pleural cavities. No laceration could he found in the ventricular 
wall or in a coronary vessel to explain the bilateial hemothorax. The peri¬ 
cardium had been left widely open several months earlier at the creation of 
mitral insufficiency. In 2 other dogs, small amounts of dye m the tejUricul.tr 
myocardium were seen on the films although nothing untoward had been noted 
during the injection and both dogs survived. 



, Fifr 31. 
into the left 
In S’iK 4. 


•—Aortic Insufficiency. Dye injfcteff Into the nsccmllnfr aorta freely mEurjcitat* s 
\cntrjclc through the torn aortic \al'c Compare with competent aortic \»mc 


In tKis series of dogs with ehionic mitral insufficiency, the left ventiicular 
punctures were made without fluoroscopic* control and occasionally two or three 
attempts weie required to enter the left ventricle. In a .subsequent group of 
dogs, fluoroscopic control was used and tin's appears to he a useful aid in the eor- 
rect positioning of the needle during direct puncture of the left ventricle. 
By injecting a small a small dose of Urokon under fluoroscopic observation, the 
position of the needle may ho mot e precisely determined. 

Electrocardiograms taken at the time of the direct puncture, and during 
tiie passage of the catheter through the aortic valve, have tevealed frequent 
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jets may not be a contraindication to surgery in mitral stenosis, quantitation 
of the amount of reflux becomes an important consideration. As previously 
stated, it is our impression that a dynamically significant insufficiency usually 
gives a denser opacification of the left atrium than does a minor jet. In 
the series of radiographs in Fig. 7, the reduction in the size of a regurgitant 
jet is illustrated. The spot film technique, when adequately carried out with 
rapid injection and proper timing of the radiographic exposure, has not failed 
to demonstrate significant mitral insufficiency when present. 

The transference of cardioangiographic technique for the diagnosis of mitral 
or aortic insufficiency to man would appear to depend primarily on the question 
of the safety of the procedure. Bjork 10 described severe reactions after left 
atrial injection of dye. The two dogs that died in this study, and the patient 
in the report of Smith 8 who developed ventricular fibrillation, were all studied 
by the direct puncture technique. The major hazard of this needle technique 
would appear to be the inadvertent injection of the medium into the myocardium 
(Fig. 12, A), or laceration of a coronary vessel (Fig. 12, B). Neither of these 
complications can occur with retrograde arterial catheterization of the left 
ventricle. Accidental entrance of the retrograde catheter into a coronaiy 
orifice in man is a distinct possibility, but with careful fluoroscopy and atten¬ 
tion to the electrocardiogram this should be avoidable. Fluoroscopic control 
will help avoid the hazard of passage of the catheter into a carotid artery and 
delivery of a large dose of contrast material to the brain. Injury to the aortic 
valve in passing the catheter into the ventricle may be avoided by gentle 
manipulation under fluoroscopy and by providing the retrograde catheter with 
a sharply curved tip. Arrhythmias encountered due to the introduction of 
jthe catheter into the aorta and left heart should be no greater than those met 
H|fh in the right heart catheterization. However, it would appear that be- 
jKusc of greater stability of the heart in the well-ventilated patient, the pro¬ 
cedure should be carried out with an anesthetist in attendance, administration 
of 100 per cent oxygen just prior to the dye injection, and continued adequate 
oxygenation after the procedure. 

Some of these conceivable complications are less likely to occur with dye 
injections through a catheter in the aorta for the demonstration of aortic in¬ 
sufficiency. In the present study, this type of injection was carried out with¬ 
out noticeable complication. It must be remembered that a virtually undiluted 
bolus of dye enters the coronary arteries during aortic injection and with pre¬ 
existing coronary insufficiency this type of aortography has distinct potential 
hazards. Repeated and closely spaced contrast medium injections should be 
avoided. The problem of circulatory embarrassment to the limb in which 
the arterial catheterization is performed will be a real one unless careful 
preoperative assessment of collateral circulation and meticulous technique is 
observed. The radial artery has been used routinely in a i aro - e number of 
cases by Jonsson, Broden, and Ivarncll. 20 In adults, as shown by the ex¬ 
perience of Peirce,- 1 femoral catheterization with small catheters can be per¬ 
formed without danger to the limb. 
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jets may not be a contraindication to surgery in mitral stenosis, quantitation 
of the amount of reflux becomes an important consideration. As previously 
stated, it is our impression that a dynamically significant insufficiency usually 
gives a denser opacification of the left atrium than does a minor jet. In 
the series of radiographs in Fig. 7, the reduction in the size of a regurgitant 
jet is illustrated. The spot film technique, when adequately carried out with 
rapid injection and proper timing of the radiographic exposure, has not failed 
to demonstrate significant mitral insufficiency when present. 

The transference of cardioangiographie technique for the diagnosis of mitral 
or aortie insufficiency to man would appear to depend primarily on the question 
of the safety of the procedure. Bjork 10 described severe reactions after left 
atrial injection of dye. The two dogs that died in this study, and the patient 
in the report of Smith® who developed ventricular fibrillation, were all studied 
by the direct puncture technique. The major hazard of this needle technique 
would appear to be the inadvertent injection of the medium into the myocardium 
(Fig. 12, A), or laceration of a coronary vessel (Fig. 12, B). Neither of these 
complications can occur with retrograde arterial catheterization of the left 
ventricle. Accidental entrance of the retrograde catheter into a coronary 
orifice in man is a distinct possibility, but with careful fluoroscopy and atten¬ 
tion to the electrocardiogram this should be avoidable. Fluoroscopic control 
will help avoid the hazard of passage of the catheter into a carotid artery and 
delivery of a large dose of contrast material to the brain. Injury to the aortic 
valve in passing the catheter into the ventricle may be avoided by gentle 
manipulation under fluoroscopy and by providing the retrograde catheter with 
a sharply curved tip. Arrhythmias encountered due to the introduction of 
the catheter into the aorta and left heart should be no greater than those met 
with in the right heart catheterization. However, it would appear that be¬ 
cause of greater stability of the heart in the well-ventilated patient, the pro¬ 
cedure should be carried out with an anesthetist in attendance, administration 
of 100 per cent oxygen just prior to the dye injection, and continued adequate 
oxygenation after the procedure. 

Some of these conceivable complications are less likely to occur with dye 
injections through a catheter in the aorta for the demonstration of aortic in¬ 
sufficiency. In the present study, this type of injection was carried out with¬ 
out noticeable complication. It must be remembered that a virtually undiluted 
bolus of dye enters the coronary arteries during aortic injection and with pre¬ 
existing coronary insufficiency this type of aortography has distinct potential 
hazards. Repeated and closely spaced contrast medium injections should be 
avoided. The problem of circulatory embarrassment to the limb in which 
the arterial catheterization is performed will be a real one unless careful 
preoperative assessment of collateral circulation and meticulous technique is 
observed. The radial artery has been used routinely in a large number of 
cases by Jonsson, Broden, and Karnell. 20 In adults, as shown by the ex¬ 
perience of Peirce, 21 femoral catheterization with small catheters can be per¬ 
formed without danger to the limb, 
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SUMMARY 

]. In dogs, the normal mitral and aortic valves prevent retrograde reflux of 
radiopaque contrast medium. 

2. Mitral insufficiency is readily demonstrated on roentgenograms by the 
injection of contrast medium into the left ventricle, since the incompetent mitral 
valve permits reflux of dye into the left atrium. 

3. Aortic insufficiency can he detected when contrast material, injected 
through a catheter in the ascending aorta, regurgitates into the left ventricle. 

4. The combination of mitral stenosis and insufficiency is radiologically 
demonstrable by the injection of contrast material into the left ventricle. 

5. The injection of contrast material into the left ventricle through the 
retrograde aortic catheter appears to be safer than the direct puncture tech¬ 
nique. 

The authors* wish to thank Mrs. Audrey Jfnisbeek for her expert technical assistance 
in the laboratory. 
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LUNG DENERVATION* IN THE THERAPY OF INTRACTABLE 

BRONCHIAL ASTHMA 

Daniel Dimitrov-Szokodi, M.D., Alexander IIusveti, 31.D., and 

Gyula Balogh, 3I.D. 

Budapest, Hungary 

T HE problem of the therapy of intractable bronchial asthma is well known. 

The use of ACTH, cortisone, and various antibiotics lias meant a great 
advance when one considers the difficulty of attaining good results with the 
older drug therapy. However, after studying the earlier literature, it became 
clear that with the older treatment the serious condition of a number of asthmatic 
patients precluded anything more than symptomatic therapy. Following the 
asthmatic secondary changes, the patient’s working ability steadily decreases, 
he becomes unable to work, and the prognosis is poor. 

In order to treat bronchial asthma that resisted internal treatment, the 
idea of attacking the vegetative nervous system was tried long ago. First, in 
1923, Hummel obtained results with eervicothoracic sympathectomy, and, in 
1924, Kappis with vagotomy on the right side. By the addition to the 
anatomic and pathophysiologic knowledge and the development of better 
techniques in thoracic surgery during the last three decades, several authors 
have dealt with the surgical treatment of intractable bronchial asthma and 
have tried to perfect the attack on the vegetative nervous system (Phillips, 
i Scott, Leriche and Fontaine, Rienlioff and Gay, kliscall and Rovenstien, Carr 
and Chandler, Blades, Ivlassen, Abbott, and others). 

In the Sebesteny Clinic, after having tried and failed with every con¬ 
servative treatment in a patient, we have then considered the possibility of 
surgical intervention in cases of intractable bronchial asthma as an “ultimum 
refugium” (Dimitrov-Szokodi). 

The advisability and efficiency of the surgical treatment of bronchial 
asthma are still matters for discussion. In the literature, data concerning 
the theoretical basis of the various surgical procedures are also very con¬ 
tradictory. Therefore, before reaching a practical solution, it was essential 
to consider a few questions. 

1. "What is the role of the lung’s extrinsic vegetative fibers in the pa¬ 
thology of bronchial asthma ? 

2. What kind of vegetative intervention seems to be anatomically and 
pathopliysiologically best founded? 

From the III. Surgical Clinic, University. Budapest (Director: Prof. J. Kud&sz). 
Received for publication Dec. 20. 1955. 

of th * We mean by this, the bilateral intervention of extrinsic vagus and sympathetic nerves 
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3 Can tlic “nil noieic” piniciplc be followed when opciatmg oil the 
\eget.iti\c fibeis of the lung? 

1 In the pathogenesis ot lnonelti.il asthma, besides the oidnmi\ featutes, 
we wish to emphasi/c the lmpoitaut lole of the lung’s alleigic infectious 
pioiesses (llaios and lletcnji, among othcis) 

The question is, how can these piotesscs lead to asthmatic attack? Foi 
the understanding of the pathomcelmmsm of asthmatic attack we itfci to 
Damdopolu’s theoij Auaulmg to this tlumj, the often teciiumg stimuli 
of the allcigie and lufectums piocissts (tin ukase of 11 matetials”) taking 
plate m the lung, leid to the excitation of tin ugitatnc tentcis u.i ailuuit 
pathwajs This stimulation is tiansfemd to the lung !>} cfteicnt pathwajs 
and it fuithei mu cases tin changes and damages The do eloping Immihial 
spasm, swelling of the mutous memhtanc, li> pel si notion, stasis of the pul- 
monan rasculai s\stem ((Tsti|i) p.uasjmpithetie effects) eieate nnfaroi 
able conditions, the inhibition of e\pcctoiation liads to ictention of tin 
seeietion, and to ineiease it tendenej fot mtcctions also The mentioned 
changes caused bj the cfleient impulse, if, those chemical nndiatots facet} 1 
choline, histamine, cte ), icleascd m the meantime, stunulati again the alieadt 
moic sensitirc icceplors Thete is a mckius emlc of icflex actions taking 
lilace between the \egetatnc eentus mid the lung The ixtiinsK ugetatne 
pathwajs of the lung plaj an important tolc m the communication of this 
lilies Aflci the dc\elopmuit of this mcious elude, not onlj can the ougmil 
cause lead to asthmatic attack, but a wide scale of otlici mild and shot (lasting 
cxteio and mtcioceptne stimuli (psjeluc, lieutnl, luuuoial stimuli) also tan 
pioducc a continuous vicious ciicle meunse, which can be manifested in a 
longci asthmatic paioxjsm 

On the basis of the resea uh of Parlor and Ins school, thete is a possibilifj 
of dee doping conditioned leflexes owing to the fiequent icpctition of the 
attacks The impoitnnce ot conditioned ictlcxes in the asthmatie condition 
is suppoited also bj oui own ilimeal obseirations 

The pathologic iole of the r eget.itn e neiious sjstem m asthma, caused 
cithei by alleigic condition oi In infection, becomes manifest also in mimeious 
e\peiimeiital studies The expeuments of Iteitlci, rucdbeigct, Bogendoifei, 
Mosci and Tusch, Kisrelcr and Jligmn, Filipp Srcntiranji and Mess, anel 
othcis, pi need that with the expeumental lesion of the ccntial paits of the 
\egetatne nenous sjstem (brain stem, tubci emu cum, etc ) the dcrelopmcnt 
of general anaphjlactic alleigic signs can he piercntcd On the othei hand, 
the rise of local anaplnlactic alleigic signs caii be inhibited oi gieaflj- ic- 
dueed m then intensity bj the mtemiption of the penphcial regetatire m- 
nenatimi (Buehwald, Wj lopajtr, Ke/tvus and Ins co woikcis, among othcis) 
Similat expei imuital icsults .uc obtamul also with the pi mention oi 
u dilution in intensitj of tlie development of local mlcetious piocesses by the 
mtemiption ot penphcial fibeis (S/pciansrkn, Alansfeld) 

2 Oui aim was to eliminate the pathologic iole, just outlined, of the 
regetatire nenous sjstem by suigical mteneiition m the ease of nitiaetable 
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bronchial asthma. It is necessary to give a short review of the lung’s innerva¬ 
tion for the determination of the suitable spot and extent of the operation. 

The lung is innervated by the vagus and the sympathetic nerves, both of 
which contain afferent (sensory) and efferent (motor) fibers. From the vagus 
nerve the pulmonary branches arise on the portion extending from the origin 
of the recurrent nerve to the pulmonary ligament. The main sympathetic 
supply of the lung comes from fibers from the ganglia of the second to fifth 
thoracic vertebrae of the sympathetic chain (Braeucker, Kuntz, Kiss, Mitchell, 
Dijkstra). The vagus and the sympathetic nerves have an extensive anas¬ 
tomosis with each other and also with the contralateral similar fibers. There¬ 
fore, both lungs receive vagus and sympathetic fibers from the same as well 
as from the contralateral side. Thus, the lung’s innervation is “bilateral and 
bisystematic” (White and Smithwiek). 

From the physiologic point of view, the vagus nerve cannot be con¬ 
sidered to have only cholinergic effect and the innervation coming from the 
sympathetic chain to have only adrenergic effect (De Burgh Daly, von Euler, 
Levin, Hebb, and others). For example, bronchial asthma can be produced 
also with the stimulation of the sympathetic chain. According to Ferenc 
Kiss, the fibers having an antagonist function cannot be localized to certain 
nerves, but are mixed. 

In order to work out a better surgical method, we have reviewed the 
experiences in the operations performed up to the present time. From them 
it can be concluded that the success of the operation is proportional to the 
degree of denervation. After having accomplished radical bilateral denerva¬ 
tion (Bienhoff and Gay), lasting good results—eight years—have been ob¬ 
served. According to the data in the literature, if only the vagus nerve or 
the sympathetic denervation is completed, the remaining system is still able 
to maintain asthmatic conditions. These experiences can be understood from 
the described anatomic and physiologic conditions. 

Considering these aspects, it seemed logical to perform an intervention 
which extended to both sides equally and which involved, in one intrathoracic 
operation, the interruption of the pulmonary branches of the vagus—from the 
recurrent nerve to the pulmonary ligament (Klassen, Clark)—and the re¬ 
moval of the lung’s main sympathetic control transmitted by the ganglia of 
the second to fifth thoracic vertebrae (Miscall and Bovenstine, Carr and 
Chandler). Hence, a complete sympathectomy can be produced, and at the 
same time, the dangerous operations carried out in the hilus can be avoided, 
although the results are good (Bienhoff and Gay, Blades and his co-workers). 
These authors, besides transecting the pulmonary plexus, denude the main 
bronchi and the great pulmonary arteries and veins to attain a complete 
sympathetic denervation. 

3. Prior to the application to the vegetative nervous system of the opera¬ 
tion based on the knowledge mentioned above, the question arose will any 
damage of the respiratory function follow? 
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and leatlierworker) a possible sensitivity to certain materials could be 
assumed. A large number of the patients bad previously gone through 
various nonspecific desensitivity processes without success. 

Of the 19 patients, there were 12 men and 7 women. Their ages were 
between 19 and 55, most of them were between 40 and 50 years of age. The 
period of their illness was between 5 and 20 years; most of our patients had 
suffered from asthma for more than 10 years. 

The examination of our patients covered particularly the condition of the 
cardiorespiratory system. We considered as contraindications to surgical 
treatment only those conditions, which would prevent a major surgical opera¬ 
tion (decompensation, among others). 

In preparation for intervention, we considered it important to assure a 
period free of attack, and instituted the removal of the bronchial secretion, 
adequate treatment of the infectious processes with antibiotics, oxygenization, 
cardiac reinforcement, and other measures. 

The Essential Part of the Surgical Technique *'.—Bilateral intrathoracic 
intervention (in the fourth intercostal space on the right side, and in the fifth 
intercostal space on the left side) is made with a parascapular incision, using 
local anesthesia. After opening the mediastinal pleura, we resect the branches 
of the vagus nerve going to the lung from the recurrent nerve to the pul¬ 
monary ligament. Lifting out the vagus trunk from the mediastinum, we 
suture the mediastinal pleura underneath in order to prevent regeneration. 
After the opening of the parietal pleura, we remove the sympathetic ganglion 
chain of the second to fifth thoracic vertebrae by the transection of the rami 
communicantes. We tested starting the denervation first on the right, then 
on the left side, but realized that the order of succession did not make any 
difference. We performed the contralateral operation after the complete 
postoperative restitution following the first operation. 

We have accomplished bilateral lung denervation in 12 patients, and 
unilateral lung denervation in 7 patients. There was one death directly after 
the second intervention during the bronchoscopic aspiration. One of our 
patients died 9 months after the unilateral denervation with bilateral pneu¬ 
monia complicated with epidemic influenza. According to the postoperative 
symptoms, tills death could not have been due to the operation. 

Surgical Complications .—The most critical was a 3-minute cardiorespira¬ 
tory syncope following intrathoracic Novocain blockade of the vagus trunk 
which we have discontinued, using the ordinary methods of resuscitation. 
Technical errors due to inexperience have caused the only recurrent nerve 
paresis observed and, in one case, a temporary atony of the stomach followed 
strong stretching of the vagus nerve. In 2 cases we have observed a Horner 
syndrome lasting for a few months. A spontaneous pneumothorax occurred 
in one case in the postoperative period that was associated with the great 
emphysema of the asthmatic patients. 


^Detailed description in J. Internat. de Chir. Bruxelles, 13; 53 g 1953 
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'flic success of oni suigic.il ticnlmcnl bas> been ccaluntcd on the icsnlts 
of the data of the obpetice examinations, .iml of Ihe <lunges noted m the 
condition of the ]) itientx 

Results of tin Ohjcitnn R ruminations — 

Changes in the ifcpiiafoi if system- We bare deteiimned with hionchoscopie 
cxammition tint tin changes m the mucous numhi.iiic hare lcgicssed The 
mucous liicnilnane was swollen, mucilaginous, oi mllamed befoic opeiation in 12 
patients Findings in ,1 of these patients liccimc licgatire attei opeiation In 
5 patients, the changes ot the mucous mcmhiauc hare been lehcced In one pa 
tient who has had onlj unilatcial denucation so fai, no change has followed 
Paiallel with the ihanges of the mucous memliiane, cxpcctontion has ci ased 
oi dccieascd Befoie opeiation, 11 patients bail a luge qnantitj of sputum 
Aftei operation, m 8 of them the production his piacticallj discontinued 
Time has been a decieaso m 2, and an incicasc in one The pui ulcnt ehniacto 
of the sputum in G patients has disippenied In 2 of thesi cases, wo liacc 
pcifoimed loheetomj because of lironchicctasis In the sputum of 15 pitients 
we liace found eosinophils Aftei opeiation, this oosinophili i has disippeaud 
m 12 patients, in the otliei J, it has deucased Thus, we hacc istablished 
that on the opeiatcd side the alloigie and infectious piocesscs of the bionclnal 
sc stem hace eitliei stopped oi been iclieced 

With phjsicnl examination it has became manifest that aftii the suigical 
treatment a facoiablc change has occuued in the liispuatoi} position of the 
lung, if ugidit j of the thoiax has not dec eloped up to this tune The chai 
actciistic asthmatic auscnltatoij signs June censed oi consulcinhlj dccieascd 
depending on whcthoi uni oi bila1ci.il dcncication was pufoimcd, that is, 
what was the degtee of icceisibilitc of the changes hefoie the opeiation? 

Radiographic moiphologic examination "\\c line showed that aftei the 
dcncication thoie is lmpiocunont oi noimaluatioii of the secondaij changes 
aeeompanc mg the asthmatic condition, cspeciallc as dcmonstiated he mdiicct 
signs of mipioc ement of emphysema (m the horizontal position of the nbs, 
in the deep position of the diapliiagm) (Fig 5) Among the 11 hilateiallj 
dcneivatcd patients, unpiocement was obsuced in 7 cases, among the 7 uni 
laterally dcneicated patients, 3 hacc nnpioccd The chatactei of the 
emphesema m these patients has been lcveisiblc and functional up to now 
In 3 patients, among the hilateiallj dcneicated, the changes hace been u 
iccersible In one case, howecei, we hace not obseiced any lmpiocement, 
owing to the suigical complication of lecui lent non e paresis 

It has been well dcmonstiated by bioncliogiams that the mcicased tone 
of the bronchi, compared with the pictmc hefoie the inteivention, show's that 
the diffuse spastic condition lias disappeared or been reduced according to 
ccliethei the opeiation has been done um or lnlatcially (Fig 6) Relaxation 
m the spastic condition of the bionchi on the opeiatcd side could he obserced 
eccn aftei the unilateral denervation In 4 cases, we hace showed the de 
stmctice changes of the bionclu before the surgical u j ( Y fisis 
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Pig. 5 .—X-rays taken from the right side of the thorax of K. L. which show the 
changes that occurred in the position of the diaphragm, «, The right diaphragm stands in 
the level of the eleventh rib before denervation, b, One month after denervation the right 
diaphragm stands a little under the tenth rib. o, Fourteen months after denervation the right 
diaphragm stands in the line of the tentli rib. 



Fig. C.—A comparison of the bronchograms of T. P. taken before and 
denervation ; a, spastic condition in the whole bronchia] system before denervation 
of tiie pressure of the opaque medium, the peripheral bronchi did not fill up. b 
nervation the spastic signs disappeared and the peripheral brandies easily filled ’ 
certain extent, alveolar filling can also be observed. 
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in 2 cisos iiI k n no base poifoimed lobectomy nt the same time as deneisa 
tion, mid defoiming bionclntis m the otbci 2 cases, iilucli icmnincd uti 
changed tiftei the opeiation 

On examining the function of the bionelu of asthmitic patients by means 
of Immcliogi aphs, no ba\c found that altci dene nation the bnmclii ap 
pinncbcd a lioumd condition dining coughing except in instances of a dc 
foinung bionclntis 

Examination of the lespuatoiy finutwn Cluing to the constant bioncbial 
spasm and the lcicrsible m mcicisiWc emphysema existing m the asthmatic 
condition, the cfticicnci and the adaptabditi ot tlic lung in the penod fice ot 
attack is changed also "Wcliaic dotcimincd the i<duced icspnatoij function 
befoic the opuation and the linpioicincnt aftei the opeiation bj means ot 
olncetiie mcasuicmcnts (I’ig 2, A and -1, A) In IS patients, the aiei ige, 
inluc of the utal eapneiti befoic the opeiation «as 2 Hi3 ee in the pound 
fiee of attack r Jhe asci >gi \alne aftei the niton cut inn was 2,7‘)2 e c hm<< 
the avciagc use Mas IS pu cent Tlieie was nil aieiage ineieise m 10 cases 
of 20 4 pu cent, no change m 2 c iscs, and a dec lease ill 0 eases This deucast 
did not exceed the dcgice of induction m tlic icspnatoij function that aecoin 
panics thoiacolomy Causes of the induced aital eapaeitj aic liicsusible 
emphysema, silicosis, defoinnti of the tboiax, peetns euuiatum lobectoms, 
emphysema aftei postopeiatne spontaneous pneumothoiax 

Befoie opuation, the aieiage pulmonaii auitilation i itc maximum of 8 
patients Mas 43 L pci minute Postopciatiscly the aieiage \nlnc lose to 
50 L pei minute, Minch meant a use of 1(> pci cent Tlieie Mas an mcicase 
in 2 eases, no change m one ease, and a i eduction in 2 cases In the lattei 2 
cases, lobectomy M as pci fonned 

Concerning the (pusturn of damage, ne can point out that aftei a 
systematic folloav up of tlic patients’ condition uc base not been able to 
obsene any sign m the postopeiatne penod that indicated any induction of 
the defcnsisc ability of the lespuatoiy function and the lung 

Summanj of examinations Oui examinations on the lespuatoiy ssstem 
sIiom that tlic lntcuuption of the cxtunsic yegetatne liincnation of the 
asthmatic lung can bo biought into iclation with tlic cessation oi tlic mi 
pros cincnt of tlic alleigic and infectious pioccsscs of tlic lung, on the one 
hand, and tlic spastic condition of tlic bioncbial system, on the otbci 
band Paiallel uith tlic lelaxation m the asthmatic biouclnal sjiasm, the 
secondaiy changes—but, fust of all, the moipliologic signs of icyeisible 
emphysema—have improsed, in some cases, almost entnels legressed Changes 
is Inch alieads base become lueseisible, such as substantial emphssema and 
rigid thorax, have not changed essentially. According to broneliograms taken 
during coughing, the function of oxpcctoiation of the bionclnal system lias 
not exhibited any damage, on the contraiy, it has impiosed eonsideiably 
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physical, radiographic, and electrocardiogram examinations have justified our 
suppositions that, the denervation of the lung in asthmatic patients has not 
exerted any harmful effect on the circulatory system and on the circulation 
itself, but it might bring improvement in the circulatory disturbances asso¬ 
ciated with an asthmatic condition (h'igs. 7 and 8). 

The clinical symptoms induced by the venous stasis and the change of 
configuration of the heart have regressed. 

The electrical axis deviation owing to hypei tension of the pulmonary 
blood ciienlation and the signs in the eleetroenrdiogram of the relative myo- 
caidial ischemia, following at tain of the cnculation, ha\c shown regicssion. 
Wo have not seen any substantial change in the pulse and the Mood pressure 
after denervation. 



tig 8—Tnectroc.inllocram cur\f. of P J «, liefom the operation. 9G-frcauenc> •ono- 
rhjthm Pi find Pa arc higher ami wider (Pi (MO see., F» o 10 sec.) T J'a\c ii depre^ed 
in i>rads 1 anti II and it is in the Ivooloctrlc line in J-.e id HI. &» After the opcratiori. fiO- 
frcquency slno-rhythm Pi nnd Pa became lover, their width did not change The T wb\c 
became higher in Lead II. ami In Lead III a positive T va\c can he seen 

Comparison* After the operation the T wa\cs became normal anti the somewhat wider 
Ps and P 4 waves became lower. 


Our later observations with clinical, ladiographic, and electrocardio¬ 
graphic examinations did not show any signs of increased use of the right 
side of the heart, pulmonmy liypeitension, or stasis of the pulmonary blood 
ciienlation. 

Owing to the part played by the nervous system in bronchial asthma and 
to the neurosurgical character of the intcivcntion, we have noted the neuro- 
psychiatric status of every patient before and after operation. 

A significant decrease of eosinophilia must bo mentioned (Mg. 9). The 
results of the laboratory examinations (blood count, basal metabolism r n * n 
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liver function test, serum electrolyte, among others) after the operation also 
support our conclusion that the denervation is not followed by any damage 
to the general condition of the organs. 

The Changes Produced in the Condition of the Patients .—The most im¬ 
portant result of the opei'ation was that the heavy and frequent attacks 
accompanied by the asthmatic condition have been stopped or considerably re¬ 
duced depending on the extension of denervation (uni- or bilateral), and the 
degree of reversibility of the secondary changes. 

Considering the subjective data, the ability to work, and the findings of the 
objective examinations just described, we have divided the patients into three 
groups based on the result of the treatment. 



Pig. 9.—The development of the blood eosinophilia in our denervated patients. The values 
before the denervation are marked with a circle, after the denervation with a dot. 

1. In the first group were those patients whose frequent attacks accom¬ 
panied by the asthmatic condition have ceased to recur. They can continue 
their occupation and practically do not need any further treatment. Of 19 
patients, 10 belonged to the first category. With the exception of 2 patients, 
they all had bilateral denervation. In this group besides the denervation, 2 
patients also had lobectomy performed because of bronchiectasis. 

2. In the second group were those patients in whom dyspnea or less 
severe asthmatic attacks, which could be easily controlled by drugs, sometimes 


) loir.^J I.IM, DIMWAIION ion IMRVC1 MILL ISIiOKI UIAh ASlintt If,! 

occuned In these cases wo could not iccogni 7 o an asthmatic condition post- 
opcintnclj llicse patients weie also nhlc to ictuin to cmplojmcnt but onlj 
in an casioi splicie o£ work Sctcn patients belonged m this categoij In 
2 oi them Inlntci.i! and, in the olhci 5, uinlatoial dcneisation Mas peifonned 
It should be noted that in the 2 bil.itciallj denenated patients meieisible 
changes hate existed pieuonsh Because of the bisjstcmic and bilateial mnci 
cation ot the lungs, final insults cannot be dctcinnned aftei uinhitcial intci 
editions Theicfmc eMiIuation is onl\ possible aftei the second opeiation 
3 In the thud categoij, mo listed om onlj patient m)io did not impioce 
In this ease, a leeunent none patesis (light side) oceuucd as a surgical 
complication Although bilateial dencivation Mas perfoimod, improteiuent 
could not be obsei \ed 

The time of follow up extends fiom the fust intci\cntion to one to three 
jears That imolios six seasons of the teal m which the asthmatic condi¬ 
tion usnallj Ik comes woise The time of follow up points out the lasting 
oflicacj of the opeiation 

Concerning the selection of time foi suigical intci\ention, out opinion 
is that it is adusibh to pcifoim the opeiation befoio the seconder} changes 
become iirec ersiblc, because m this iminnct, besides the disappearance of the 
heas \ and ficipu nt attacks ai companving the asthmatic condition, the 
secondaij changes also icgiess 

Explanation of the Mechanism of Action of Dent nation and Conclusions — 
The thciapcutic effect of the intervention cm be cxpllined with the bilateial 
elimination of the extrinsic xagus and scmpithetic pathways of the lung 
Om suigical pioccduie intninpls moil i idn ills and thcufoie moio effi 
cienth the duett licninl afTeniit and efTeient eonneetion between the eegctatice 
ccntois and the lung Thus, tin xicious cnclc of the letlcx actions, phjmg 
an impoitant pait in the pioduction of nttieks, can bo abolished oi gicatlj 
icduced m its intensity 

AVc base urn ltd out exannii itmiis of tin icspn.itoit function aftei denci 
cation m oidci to clunfi the cffict of the mteituition 

Befoie opeiation, the liumoial stimulus caused lij histainmc Ins bcui 
able to piotoke attacks Aftei dcncitation, undci the e fleet of histamine, we 
hate not obsenod clinical signs of asthma (Bigs 2 C and 4, C) Eton the 
leduction in the tallies of the liicieascd respnatoiy function chniactciistic 
of the attach lias not occuned, the xital capacitj has been reduced onlt 2 per 
cent and the pulmonait tcntilation late maximum m 9 pci cent 

tYc hate been able to legistei the suiprising continuous mciease of the 
already stell-improsed icspiratoiy function under the effect of adienalm 
(Figs 2, B and 4, B) The tital capaeitt and the pulmonary centilation rate 
maximum have shown a fuitliei 18 per cent and 22 pei cent use, lespectnelj 
The question arises as to how to interpiet the fat oi able change in the 
alleigic and infectious piocesses of the lung and m the asthmatic signs and, 
also, how to explain the unsuccessful use of histamine and, at the same time, 
the better adienalm effect after the dcnenation 
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It is well known that during the allergic and infections processes, hista¬ 
mine-like materials (“H" materials: acetylcholine, histamine) have been re¬ 
leased. These chemical mediators, as we have already stated, play an im¬ 
portant role in the pathomechanism of the asthmatic attack. 

On the basis of our observations and the data from the literature, our 
opinion is that the denervated asthmatic lung* reacts as if it were “more re¬ 
sistant” in relation to parasympathomimetic mediators producing the allergic 
and infectious processes or other stimuli. These chemical materials—besides 
the local temporary effect—were not able to produce the vicious circle of the 
reflex actions needed for the asthmatic paroxysm since we had interrupted 
the vagosympathetic pathways conducting the pathologic reflexes between 
the vegetative centers and the lung. The regression of the allergic and infec¬ 
tious processes of the lung, the normalization of its tendency to allergy and 
infections, and of its pathologically increased reactivity may be due to the elimi¬ 
nation of the reflex action. The favorable change in reactivity can be further 
attributed to better adrenalin effect proved by us. Co-Tui has shown, with 
experiments in animals, that after the denervation of the lung, the bronchioles 
also become sensitive to adrenalin in their own circulation, in the same manner 
as the blood vessels. Our studies confirm the idea of an increased adrenalin 
sensitivity of the denervated human lung. 

Finally, the chemical mediators released during the allergic and infectious 
processes developed after the denervation are not able to start reflex actions 
oducing a paroxysmal syndrome. At the same time, by means of the in- 
eased adrenalin sensitivity of the pulmonary tissue, the antagonism to the 
lysiologic quantity of adrenalin circulating in the blood is able to compensate 
r the local effects of these materials, which are manifest in parasympathetic 
jns (bronchial spasm, hypersecretion, and so forth). 

In physiologic conditions, the alternations of the antagonist parasympa- 
etic and sympathetic effects are in equilibrium. The wide scale of stimuli 
the asthmatic lung can upset the equilibrium and produce a pathophysio- 
gically increased parasympathetic effect responsible for the asthmatic con- 
tion. After the most radical elimination of the extrinsic innervation of the 
ng, the state of equilibrium becomes stabilized. 

Furthermore, we came to the conclusion that in the asthmatic status, the 
induction of the direct vagosympathetic pathway connecting the vegetative 
nter with the lung means a harmful rather than beneficial function for the 
■ganism. Since it conducts the reflex actions leading to attack, its function 
changes from physiologic to pathologic. Thus, the well-known secondary 
changes (emphysema, strain of the circulation, among others) become worse 
and irreversible. In this ease, we consider the elimination of the extrinsic 
pathways to be justified. Then it is even more beneficial because the function 
of the lung and the adaptability of the respiration are not exposed to damage. 
Our suppositions have been greatly supported by the practical observation that 

*We are applying the expression of lung- denervation for denoting the character of the 
intervention. Anatomically and physiologically the organs could not be entirely denervated. 
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m 7 One patient lias lemaincd unchanged Soon aftci the second lntcnen 
tion one patient died 

Objectne csaminations li.nc demonstiated tint aftei the lutcncntum 
the allcigie and infectious pioeesses of the lung ha\c itgicssed tin. spastic 
condition of the lncmehi has ielaxed and along with these, the icicisihlc 
secondan asthmatic changes haie iinpioied AVe line not ohsened am 
damage 
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1 (.suits of snvgtn stand 111 eontiast to those pienouslj xepoiud 1 111 patients 
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section 

Theic ha\e heen iclatnclj few published studies of the functional consc 
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disease was associated with pool osjguiation of aitenal blood and who did 
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Table I. Pre- and Postoperative Volumetric and Ventilatory 


PATIENT 

NO. 

CLINICAL DATA 

1 1 

RIDE OF 

IiTJNf! 

AGE 

(YRS.) 

B.S.A. MONTHS 
M2 POSTOP. 

CYST OR 

I 

V.C. 


j R.V. 

OPERA¬ 

TION 

i 

| C.C. 

% OF 
PREP. 

RT. 

(%) 

LT. 

(%) 

C.C. 

% OP 
PRED. 

i 

29 

1.91 

Lt. 

6403 

143 

49 

51 

1547 

139 

2 

25 

l.GG 

Lt. 

4149 

96 

53 

47 

1551 

143 

o 

O 

27 

1.96 

Rt. 

4644 

101 

51 

49 

2588 

225 

4 

49 

1.66 

Rt. 

2480 

68 



1546 

139 



2% 

Rt. 

3270 

90 



1205 

10S 

5 

43 

1.84 

Bilat. 

4026 

99 

¥■ 

* 

2295 

185 



3% 

Lt. 

3115 

77 

05 

35 

1421 

115 



3% 

Rt. 

273S 

67 

43 

57 

1383 

112 

G 

31 

1.80 

Bilat. 

1876 

45 

38 

62 

1091 

104 




Rt. 

2466 

59 



145S 

138 



2Ve 

Lt. 

2936 

70 

54 

46 

1323 

126 


* Patient unable to perform vital capacity rlurinfr broncliospirometry. 


not suffer from advanced pulmonary emphysema. These are to be distinguished 
from a group of patients identified by Baldwin 1 in whom the abnormalities of 
cystic disease were compounded by advanced emphysema. 

Cystic disease of the lung is rivaled by few pulmonary lesions in producing 
a variety of respiratory abnormalities. The number of patients included in 
this paper was restricted in order to permit discussion of each study indi¬ 
vidually. The tabular data are supplemented by graphs permitting ready 
recognition of changes and departures from normal. One of the objectives 
of this study was, therefore, to illustrate the application and interpretation 
of function data. 

MATERIAL AND METHODS 

Clinical data pertaining to the G male patients are included in Table I. 

The pulmonary function was studied using conventional methods. The maximum 
eathing capacity, performed in the sitting position, was measured by collecting expired air 
a Douglas bag and passing the contents through a gas meter. The best of three fifteen- 
cond attempts was recorded. The subdivisions of the vital capacity were inscribed during 
used-circuit spirometry. The timed vital capacity was obtained by measuring the proportion 
the vital capacity delivered in one, two, and three seconds of forceful expiration. The 
nctional residual capacity was measured by a modification of the Darling open-circuit 
etliodp the figures recorded being the mean of two analyses which checked within 10 per 
cent. The residual volume was calculated by subtracting the expiratory reserve from this 
mean value. The alveolar index, the concentration of nitrogen in “alveolar air” after the 
patient has breathed 100 per cent oxygen for seven minutes, was also measured in duplicate, 
the mean of the two values appearing in the table. 

Broncliospirometry was performed through a Carlens ’ catheter after topical anesthesia 
of pharynx, larynx, and trachea with 1 per cent Pontocaine. The total capacity of each 
lung individually was measured using Darling circuits adapted for simultaneous unilateral 
determinations. 5 All of the lung volumes were converted to body temperature, ambient 
pressure, and saturation with water vapor (BTPS). 

Blood gas contents and the concentration of nitrogen in air samples were measured 
using the method of Van Slyke and Neill. 5 Blood gas tensions were measured by the method 
of Riley. t, s The composition of expired gases was determined with the Scliolander ap¬ 
paratus. 5 
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The methods of Lilienthu) ami on worker*,m ami Kiley anil his colleagues! i u xxcre 
um*» 1 in measuring the pulmonary diffusing capacity 1 ' and the xcntilation perfusion relation 
•ships. The latter term refers to the distribution of blood and gas within the lungs and is 
expressed in terms of physiologic dead space (V r „/V T ) and xenons admixture (ti„/Q«). A 
high dead space (exceeding 30 per eent of the tidal \olumo) indicates that an unusuall) 
large proportion of air entering the respirator) tract i« distributed to nonpcrfu«ed or poorl) 
perfused areas. A patient with occlusion of a branch of the pulmonnr) artery would hnxc 
an elexatod dead apace. The measurement is based on the assumption that expired air can 
be considered to be made up of two fractions, one Inning the carbon dioxide content of 
inspired air and originating in dead Rjace and the other Inning the carbon dioxide content 
of alveolar gas. The dead space ratio indicates the proportions of tlie^e two gases which, 
if (nixed, would result in gas with the composition of expired air. 

The xenons admixture ratio is similar in concept. One assumes that peripheral arterial 
blood is a mixture of two streams, one lieing mixed xenon* blond ami the other blood m 
equilibrium with aheolar air. In noinml indixiduals, the saturation of arterial blood is 
equal to that of a mixture containing 0 parts or 1 o»s of mixed xenons blood and 91 parts 
or more of Mood in equilibrium with alxeolar gas. Veuou* admixture ratios in excess of 
r ' I ,tT <ent indicate that an unusually large proportion of the right cardiac output is 
distributed to unxentilated or poorly xentilnted areas. In calculating the xenous admixture 
ratios of the present patients, mixed xenons blood was assumed to be 25 per cent less 
saturated than pulmonary capillary blood when the patient was at rest and 40 per cent less 
saturated during treadmill exercise. 

Oxygen diffuses from alxeolar gas into pulmonary capillary Mood because the pressure 
of oxygon in the alxeolus exceeds that in the pulmonary capillary (l’c 0l ). The 

diffusing capacity of the lung is the xohinie of oxygen (VoJ which diffuses across the 
ulxcolor capillary membrane excry minute per unit of pressure* difference between the two 
sides of this membiane. It is calculated by dixiding the oxygen uptake (Vq_.) by a mean 
' {l lue for the piessure difference in nun. llg between the two sides of this membrane 
(V \ 0< -lV^>,). It i* low either xxlien the dimensions ot the alxeolar inpillaiy bed haxe been 
reduced, as nftei pulmonary resection,*i or/arnl xxhen the membiane becomes less permeable 
to oxygen, as in the granulomatous diseases. 1 *' In the absence of the latter, it is an index 
of the <H7e of the alxeolar capillaix* bed and is interpreted a* such in this paper, 

Wien one exercises, the diffusing rapacity increases, reaching a maximum xalue xxhen 
the oxygen uptake approaches 1,200 c.c. per minute. "Under these ciicumstnnces the dimensions 
of the alxeolar capillary bed approximate their maximum xalue. The maximum diffusing 
capacities of 9 young men with minimal or no demonstrable pulmonary' pathology' studied 
at the St. Albans laboratory 14 ranged from 68 to S6 with a mean of 76. 
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Table II. Pee- and Postoperative Gas Exchange 


ANALYTICAL 


PATIENT 

NO. 

PRE- 

OR 

POSTOP. 

ACTIVITY 

Sa 0 , 

(%) 

p a 0 , 

(MM. 

Hg) 

Caco. 

(VOLS. 

%) 

Pa e02 

(MM. 

Hg) 

BP-47 

(MM. 

Hg) 


v T 
i ^.c.) 

1 

Pre 

Rest 

96.1 

91 

51.41 

41 

722 

8.9 

533 



Exercise 

96.3 

94 

43.40 

42 

722 

40.8 

1571 



Exercise 

7S.3 

43 

37.87 

37 

722 

67.2 


2 

Pre 

Rest 

97.2 

91 

51.06 

41 

714 

6.7 

404 

3 

Pre 

Rest 

94.8 

83 

38.77 

35 

705 

11.0 

449 

4 

Pre 

Rest 

90.9 

70 

48.45 

45 

709 

9.2 

551 



Exercise 

89.2 








Post 

Rest 

94.9 

83 

50.01 

43 

722 

14.2 

835 



Exercise • 

91.1 







5 

Pre 

Rest 

94.8 

86 

42.96 

35 

712 

S.l 

1071 



Exercise 

96.1 








Post I 

Rest 

93.5 

78 

43.94 

37 

707 

6.9 

691 



Exercise 

93.9 








Post II 

Rest 

96.6 

93 

45.72 

44 

723 

8.4 

704 



Exercise 

93.9 







6 

Pre 

Rest 

92.0 

09 

46.92 

35 

717 

7.9 

265 



Exercise 

8S.0 

58 

39.99 

28 

717 

44.0 

1190 



Exercise 

67.0 

34 

36.65 

29 

717 

47.8 

1290 


Post I 

Rest 

95.3 

83 

50.20 

44 

711 

7.1 

420 



Exercise 

94.9 

83 

44.47 

39 

711 

42.1 

1212 



Exercise 

70.3 

40 

38.17 

36 

711 

49.3 

1333 


Post II 

Rest 

95.3 

86 

51.18 

46 

703 

6.3 

365 



Exercise 

94.9 

80 

42.S2 

40 

703 

40.0 

1160 



Exercise 

66.6 

39 

34.49 

36 

703 

55.6 

1333 


The following conventional abbreviations 1 '* appear in Tables I and II: 

B.S.A., M 2 —Body surface area in square meters 

V.C.—Vital capacity 

R.V.—Residual volume 

T.L.C.—Total lung capacity 

F.R.C.—Functional residual capacity 

R.V./T.L.C.—Ratio of the residual volume to the total lung capacity in per cent 
F.R.C./T.L.C.—Ratio of the functional residual capacity to the total lung capacity in 
per cent 

M.B.C., L./min.—Maximum breathing capacity in liters per minute, BTPS 
®a 0 „, %—Oxyhemoglobin saturation of arterial blood in per cent 
Pa 0 „, mm. Hg—Partial pressure of oxygen in arterial blood in millimeters of mercury 
C aoCM Vols. %—c.c. of carbon dioxide contained in 100 c.c. of arterial blood 
Pa co ., mm. Hg—Partial pressure of carbon dioxide in arterial blood in millimeters of 
mercury 

BP-47, mm. Hg—Barometric pressure minus correction for water vapor tension of air 
saturated at body temperature, in millimeters of mercury 
V, L./min.—Total ventilation in liters per minute, BTPS 
V T , c.c.—Tidal volume in c.c., BTPS 

F ec(X , %—Concentration of carbon dioxide in expired air in per cent 
R—The gas exchange ratio, or respiratory quotient, i.e., carbon dioxide output divided 
by the oxygen, consumption 













Vein me 33 
Number 2 


PULMONARY CYSTIC DISEASE 


ISO 


Data in Six Men With Cystic Disease of the Dungs 



Y 0> , c.c./iiiin.—Oxygen uptake in c.c. per minute, STPP 

P A<1 ;P Hf| , mm. II}j—Oxygen partial pressure difference in millimeters of mercury he* 
tween “alveolar air” and peripheral arterial blood 

1* A{| -Pp , mm. Jig—Mean oxygen pressure difference between nlvcolar air and pul¬ 
monary capillary blood 

Y p r,/V T , %'->Ratio of dead space to tidal volume in per cent 

Qv./Q„ %—Ratio of the venous admixture to cardiac output in per cent 

Max. PUT. Cap.—The maximum diffusing capacity 

PATIENT NUMBER ONE 

Clinical Summary.' —This 29 -year-old white man was admitted for study 
after pulmonary pathology had heen disclosed by routine chest roentgenograms. 
An infection with histoplasmosis had been established by gastric smear two 
years previously, lie was asymptomatic without cough, dyspnea, chest pain, 
or hemoptysis. 

Physical examination revealed normal resonance and breath sounds 
throughout the chest. A roentgenogram (Pig* XA} showed infiltrative lesions 
in the apical and posterior segments of the upper lobe of the right lung. 
Cystic changes were apparent in the left lung with do *• flv ’^ent 



































Fie 14.—Chest roentgenogram. Note infiltrative lesion of right upper lung field anil incieased 

radiolucency of left upper henuthorax. 
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Fig. IB —Function data of Patient 1. Note absence of large abnormalities except in index of 

alveolar mixing. 
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ot the hilai maihings Tomogiums demolish alcd multiple an containing casts 
in the left uppci lobe aun and compiession of the left lower lobe Pulmonai} 
function studies aaeic obtained (l"ig 3 11) 

13111111" hospitalization he lemntncd well Suite it was the opinion of 
the medical shift that suigua was not indicated, lie was discliaigcd 

/’/n/siofor/ir Slrnlut —As shown m Tables 1 and II and in Pig 111, 
nieasinenicnts of the ina\imum bicatbnig eapiciti and the lung aolnmcs nidi 
cated no ahnoimaliti The studies of unilateial function also filled to ideal 
notewolthj deficit foi the conlubution of the left lung to the Mtal capacita, 
ampliation, and owgcn uptahe was noimal This notmal putiupation null 
eated that luteifcrence In the cast and ]nicnelmn,il mtlltiatc itficcted the left 
and light lungs piopoitionateli Bj icdming the peifoinianee of the light 
lung the mbit! itne lesion could well line lcsultid in huh using to noimal 
limits the iciatne (ontulmtum of the lett lung despite some liiteifeieme with 
unilateral funthon nttnlmtahlc to the cast 

Ventilation pci fusion lolationships weic also noinnl as indicated bj the 
dead space (V c i,/V T ) and acnous admixture (Qv„/Qi) lattos The maxinuun 
diffusing capacita was linnunalh leduced—a finding consistent with dceieascd 
pcrmeahilitx of the aheolni capillun liiunhiauc to osagen itid/ot with lcdmod 
dimensions of the mpill.ii> bed m the limited area of lnfiltiatum on the tight 
The nenih noimal figme for this nieasiucment, thuofoie, supports the aenti 
latoM, aohimttiic, and distuhution data m indu itmg no gloss phasiologio 
change attributable to the piesontc of the cast 

The index of aheolai mixing was stuKingh ahnonnal (0 210 pci cent) 
In the absence of an delated icsulu.il xoliinic oi ol ail obstuutiae aentilatoia 
deficit, the most libel} explanation foi this finding was the pnsince of a com 
paratiaeh patent eoiiinuiiucation between the cast and the trachcobionclnal 
tree The incomplete elimination of liitiogen horn the east dmitig the seaen 
minutes foi which the patient bteathed xiitualh ptuc owgcn was explained 
In assuming that the tidil exchanges of nil between the cast and the Inonchial 
ticc dm mg quiet In entiling weie small This explanation aaas supported ha 
the noinnl dead space i.atio, foi this latio would haac been ahnoimalla high 
had a si/oablo stmctuie not paitiupating m gas cxcliange been aacll aentilatcd 
Summary —Tins patient aaas selected foi demonstrating that a laigc an 
cast maa mteifeie lmnimnlh aaith tests of icspuation Ventilation, lung 
aolumts, bronchospirometi}, a entilation pci fusion i clationslups, and the maxi 
mum diffusing capacita were noimal oi nciila noimal Onlj the index of 
alacolar mixing aaas potcntla abnormal 

i aTirw xiJaim it aaao 

Clinical Summai i/—Tins 2Gsc.u old Ixcgio man aaas admitted foi eaalu 
ation of Ins pulmonaia status Tluec ae.us pieaiousla a loutine chest 
loentgenogiam had leaealcd the piesence ot a east of the left lung in ailnch 
no change had been detected bj acarla studies He denied cough, daspnea, 
orthopnea, liemoptj sis, oi chest pain 
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Fiir. 2B —Preoperative function data of Patient 2. The impairment of the left lung fs 
shown by the slope of the expiratory tracing, the elevated residua! volume and functional 
residual capacity, the poor alveolar mixing of respiratory gases, and the diminished contribu¬ 
tion to ventilation and oxygen uptake. Maximum breathing capacity and bilateral lung 
volumes are normal. 
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On phjsicnl examination theic xxeie amphoiit whispeicd-xoice sounds oxer 
the second left inteioostnl space medial to the initeiioi axillniy lmo Chest 
i oentgenogi ams showed nhsenee of the lung mailings m the uppei left hemi- 
thoia\ (Pig 2 1) The left leaf of the diaplnagm was depicsscd Pulmonai} 
function studies weie obtained (Pig 21!) 

On Sept 14, 1914, a left thoiniotomj disclosed unpinseniatous and cxstic 
changes of the posterim segment of the left uppei lohe The cystic areas weie 
so mnihedlj distended that the leinaindu of the ui>per lohe and the superior 
and postal 101 hasihu segments of the lowei lohe weie compiossed The cystic 
and cmplnstmalons meas weie icmoxed In wedge cscision Bionclnal com- 
mumeations to the uppei lohe e\st weie deinoiisti ilid 

Tluce months following suigoix the patient was letmncd to full dtttj 

P/iysiolof/ic SIndies (Pig 271) — Mthough the \ital tapaut} was modcr 
atcl\ slowed, the maximum hicathmg capacity was noiinal Thus, in spite of 
cwdenee fot mcicased icsistame to the flow of an dining foiced cvpnatton, 
the inaMimmi xoluntaiy sentil.ilion was within the picduted tango Ycnti 
lation on the side of the (\st was IS pu cent of the total as comp.ned to a 
normal of 49 pci cent 

The lung xolumes weie xntuallx normal Compauson ot the spnometue 
tiacings of each lung (Pig 2 1!) showed slowing of espuation on tin lett side 
during dclnciy of the espnaton lesene This unilateial obstruction possiblj 
could he attributed to intetfeteuee of the hiouUiospnomctnc catheter with an 
flow, to cxpicssion of an ftom the cist tlnottgh a nnnow communication, to 
piessmc of the cjst on adjacent paiendixmn and anwajs causing tiapping m 
aieas distal to the point of compression, oi to a combination of these factois 
The placement ot the cathetei appealed to he optimal as pidged In fluoioscopx, 
lnoncliospiiometiic tiacings and conospondeiicc between unilateral and hi 
lateial xolumetric ineasuicmcnts The high index of alxcolar mixing on the 
left (9 173 pet cent as compaicd to 1270 pet cent on the light) suggested a 
communication which was latci identified In examination of the resected 
specimen Paicnchjmal compression was dcmonstiated bj locntgcnogiaplix 
and confirmed at thoiacotomx It is icasonabic therefore to ascube the pio 
longed expnation to the effects of the cist lathu than to aitifaets of recording 
Obstructne hieathmg commonly lcsults m deration of the mid position 
Correspondingly the fnnctional lcsidual capacity and residual volume on the 
left were higlict than on the light side, the opposite of the noimal relationship 
The deration m the hilatctal index of ahcolai mixing (4 07G per cent) 
was attributable to mixtuic in the trachea of gases of unequal nitrogen eoiicen 
tration contributed by the two mam stem bronchi 

The presence of a pooily x outdated eyst complicates determining the 
functional residual capacity by the Darling technique, foi nitrogen elimi¬ 
nation from the lungs, wlneli is the basis of the method, is hi ’ 1 bv 

rentdation It was likely m tbe picsent patient tliat the pc 
nitrogen, indicated by tlic high alrcolar index, was not rei, 
left lung as a whole hut only of the cystic lobe In ordei to a 
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introduced by using an artificially elevated value, the mixing index observed 
for the normal right lung was used in calculating the functional residual 
capacity of the left lung. This substitution gave a figure 251 c.c. (16.1 per 
cent) below that obtained by using the high index actually measured. Selection 
of a figure for the alveolar index was inevitably arbitrary, for there Avas in 
fact no index representative of the whole lung but a group of unknoAvn, but 
Avidely divergent, indices from pulmonary areas contributing differently 1o 
ventilation. By using the index chosen, the sum of the functional residual 
capacities of the tAvo lungs (2,503 c.c.) fell within 8 per cent of the mean of 
tAvo bilateral measurements (2,718 c.c.) also computed using a normal index. 

Finally, it should be observed that the functional residual capacity and 
residual volume computed according to these assumptions Avere minimal figures; 
although the proportion contributed by the parenchyma Avas reasonably ac¬ 
curately represented, the volumes of the cj r sts Avere underestimated. 

Both the physiologic dead space (V C D /V T ) and the venous admixture 
(Qva/Qt) ratios Avere normal indicating no gross abnormalities in the relation¬ 
ship betAveen alveolar ventilation and perfusion. Pertinent to this finding Avas 
the observation that the oxygen uptake on the left (35 per cent of the total) 
AA r as reduced in proportion to the reduction in ventilation (38 per cent). In¬ 
asmuch as unilateral oxygen uptake is an approximate index of the distribution 
of blood ftoAV betAveen the two lungs, the proportional reductions in unilateral 
ventilation and oxygen uptake Avould be expected in the presence of normal 
ventilation-perfusion relationships. Tavo additional inferences Avere drawn 
from the fact that ventilation-perfusion relationships Avere normal: (1) The 
normal dead space suggested that the cyst (the Avails of which Avere doubtless 
negligibly perfused) Avas poorly ventilated. This observation Avas in agreement 
Avitli the fact, cited above, that even after the patient had breathed virtually 
pure oxygen for nine minutes the air contained in the cyst still had a high 
concentration of nitrogen. (2) The virtually normal alveolar-arterial oxygen 
partial pressure difference and ratio of venous admixture to total pulmonaiy 
flow suggested that the cyst Avas not compressing unusually large areas of 
adjacent pulmonary parenchyma. 

Summary. —Bronchospirometry Avas particularly useful in evaluating this 
patient’s respiratory deficit. SloAving of expiration and impaired intrapubno- 
nary mixing of respiratory gases, both of Avhich Avere demonstrated by the bi¬ 
lateral studies, Avere shoAvn to be localized to the side of the lesion. There 
Avere, in addition, unilateral abnormalities of ventilation, lung volumes, and 
oxygen uptake not identified by bilateral measurements. The unilateral data 
Avere used to illustrate the difficulties of interpreting measurements of the 
functional residual capacity in the presence of a communicating cyst. Venti¬ 
lation-perfusion relationships Avere normal. The preoperative prediction that 
the cyst was a communicating structure Avas confirmed at thoracotomy. 

PATIENT NUjAIBER THREE 

Clinical Summary .—This 26-year-okl Negro male laborer entered the 
hospital complaining of a nonproductive cough of one year’s duration and 



VdiimelJ 1'in,MUX Alt Y CYSTIC V>IM:AM - , iq'i 

... ’ ’ 

piogroxsixe cxcitionnl dyspurn of iluco j 0 . 11 s’ dniation Tlicic had been two 
leeenl episodes of upper lcspiiatoiy ti.iet infootion with fexet. tlulls, and 
pioducti\e cough without hemoptysis 'Walking one block 01 climbing one 
flight of stmis piodueed dvspne.i 

Physical examination disclosed .111 essentially sMimietnc.d chest with hypei 
lesonance mid decie.ised bieath sounds .it (lie light «pi\ Theie iteie fine 
ilispiratoiy mid cxpii.itmy wliee/cs thimighont both lung fields with pio- 
longation of the time lequiied for cspu.ition Theie w.is no cx.mosis, cluhbing, 
or edema of the c\tientities 

A roentgenoginm of the chest outlined a “huge aica ol emphysem.i bounded 
by fine linear densities in the light uppei lung field extending tioin the apex 
to the leiel of 1 lie hiliim" (Fig 3.11 Piilmnnaiy iiilietion studies weie ob¬ 
tained (Fig 3f). 

On Aug 5, 39.T4. a light tlioiacotoniy exposed a laigc 20 by 15 cm an 
containing cyst occupying the apical and posteiior segments of the uppei lobe 
of the right lung Theie was mnihed eompiession and p.utial atelectasis of the 
lower and middle lobes The cyst could lie easily deflated and inflated, demon¬ 
strating ficc bronchial communication Because of nunicious small bullae 
present along the uiaigin of the nntciior segment, the cyst was icmoxed by a 
right upper lobectomy. The xoluinc oi the hemithoiax was t.uloicd to the 
volume and shape of the lemaining light middle and lower loiies by eieating 
a new loof (plemal tent)” foi the pleuial laxity fioin a stnpped poition of 
the cupola 

Three mouths following surgciy, the patient iiad noted rnaiked mipioxe- 
ment of dyspnea 

Phynoloyic Studies —The most striking almonnalitics presented in Fig 
3C me a high lesidual volume, pom aheolar mixing of lespiiatoi.v gases, 
and impnhed ability to expne foicefiilly and l.ipidly (limed xilal capacity). 
These could ail be accounted for by assuming that the cyst communicated 
poorly, 01 that it obstiucted ventilation of ipsilatcial paienchyma, or that 
gcneinhml emphysema existed A postopeiatixc study would ha\e diffei- 
entiated among these possibilities, such, liowcxcr, could not he obtained Tlie 
lclatixcly good maximum bientiling capacity did not suggest wudespiead 
generalized emphysema Theie were, liowcxcr, indications that the cyst was 
'outdated and that the tunction of ipsilatcial paienchyma was compromised 
At bionchospiromctiy, the eontiilnition of the light lung to xentilatioii was 
found to be better than to oxygen uptake, showing that considerable impel fused, 
piesumably cystic, tissue was being xoutdated C 011 espondingly. the dead 
space ratio (V C D /V' T ) was elevated, though minimally so. The poor contii- 
hution to oxygen uptake suggested .sexcicly restiicted right puimonaix flow, 
the normal saturation of artenal blood indicating that this flow was distubutcd 
for the most part to well-ventdatcd alxeoli Tlie lelatixe hypoventilation of 
some perfused areas, liowex'cr, was shown by r the modeiately' elevated xenons 
admixture latio (Q„/Q t ). Together xvith bronchospiiomctry, theiefoie, studies 
of distiibution weie eompatdile with xcntilation of exsts and lcstuction of gas 
exchange in ipsilateral parcnchy ma. 
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B. 

Fig, 3 .— a, Chest roentgenogram. Note radiolucent area in right upper lung field and 
density in right lower lung field. 

B, Chest roentgenogram five weeks following excision of right lung cyst and construction 
of pleural tent. 
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In addition, tlioic was li\ pent nidation Shortness of bieatli had been 
among the patient's complaints At lest the ventilation pci srpiaie lnetoi of 
boch snifaee aio.i was 5 7 L (noini.il 5 0 I.) The walking ventilation pci 
srpiaic metci was 1‘) L (noinial 11 1.) As would lie expected m a pitient 
with n noimat metabolic iate and an abnoimalic Infill ventilation the vcntllatoiv 
equivalent was unusttallv high (.14 as coinpaicd to a noinial ot db), a cliai.it- 
teiistie ot so called “lncflicunt ‘ lispnation Low blood caibon dioxide tensions 
and contents (Table II) indicated that this hvpciventilation was not lestiictcd 
to unpci fused tissue In the absence of eaidinc disease, bv peieapnea, oi 
hj poxin, the cause of the hvpeipncn and sensation ot bie.itlilessness icmairied 
obscuie 
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„ p, « e ? C —PreoperatU e function data of Tatlcnt 3 The residual \olumc is high mixing 
rat P r ? pases .within the lung Is poor the chad spice and unous admixture ratios are 
Doth e!e\ated and the timed \ltnl canaUt> Is sloaed The contribution of the right lung to 
oxjgen uptake Is extreme!* low 


Summary —Bdatei.nl studies icvealcd a high residual volume, a slowed 
timed vital capaeitv, and pool liitrapulmonarv mixing of gases There was 
minimal mterfeienec with ventilation on the side of the evst but a pionounced 
limitation of oxvgen uptake Togcthci with elevated dead space and venous 
admixtuie i.itios, these almoimalitics indicated inteifcience with the function 
of the ipsilateral paienclivma Hvpcipnea at lest and excicise and the con.se 
cpientlj low carbon dioxide tensions and contents in artci ml blood lemained 
unexplained 

PVTirNT MJV1BER JOUR 

Clinical Summanj —This 49 veai old white male postal cleik was admitted 
for progiessive episodic djspnea, palpitations, and light chest pain of thiee 
3care’ duiation These s 3 mptoms, oecuinng onlv on exertion, weie ineieasing 
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A. 



B. 

Fig. 4.— A, Chest roentgenogram. Note the increased radiolucency of the entire right 
hemithorax. 

B, Chest roentgenogram five months following excision of right upper lobe cyst and con¬ 
struction of pleural tent. 
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in J*ici[uoncv fiom once ii week otiginally to once n clay on admission. He had 
had a eliiomc cough or 20 jcm.s’ dm at ion, pioductive eunently of 50 e.e. ot 
white sputum per day. 

Physical examination revealed diminished icspiiutory oxcuixion, ineieasccl 
losonanee, and dceieasod hieath sounds thioughout the tight chest In the 
left lung theic was piolongation of expitation with expitatory whcc/es Theic 
was no clubbing, ejanosis, or edema of the c\lientities 

X-iay of the chest showed almost complete loss of the usual right lung 
walkings! these hemg tepl.ieed centrally hy dense tihiotic-like stiands (Fig. 
4A). The left lung showed localized incicnscd 1 adiollicence in the apical aica 
The mediastinum shifted to the affected side on inspit at ion and to the opposite 
side on espnatioii. Piilinonaiy function studies were obtained (Fig. 46') 




. riB ,J e -'me- nnd postopointhe [unction anti of I’ntlcnt I Pnom rnlliclj there who 
abnormalities or icntflntlon lurur volumes, nna \entllntlon-pcrfuston relationships Severe 
obstruction a us indicated bj the Ion maximum hreutlnnit tupieitv, the slope of the expirntorj 
tracing and the slowed timed \ltnl cupncltj The nonnul mixing Index suegtsted poor com¬ 
munication Most abnormalities wcic diminished hj operation 


On Apul 28, 19df>, a light thoiaeotomy revealed a evst onginating fiom 
the upper lobe and completely collapsing the middle and lowei lobes The 
e>st could he inflated hut would deflate only with extreme difficulty. Since 
there weie also numerous bullae ot the apical and postenor segments, the 
cyst and the light uppei lobe weie lescctcd Inasmuch as the icmaining 
pulmonaiy parcnchjma on expansion only paittally filled the pleural cavity, 
the licmithoiax was tailoied, as desenbed in Case No 3, with a plettlal tent 
(Fig. 4 B) 

The postopoiative course was uncomplicated Function studies weie zc- 
peated ten w eeks follow mg i esection (Fig 40). 
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Physiologic Studies .—This patient’s large cyst was associated with ab¬ 
normalities of lung volume, ventilation, and distribution (Fig. 4 C). The 
vital capacity was less than 70 per cent of the predicted value. Although 
bronchospirometry was not performed, inspection, auscultation, and fluoroscopy 
showed that the contribution of the right lung to respiration was grossly 
reduced. The physical signs and the normal index of intrapulmonary mixing- 
indicated that the cyst communicated poorly, if at all. That proportion of 
the intrapleural volume occupied by the cyst could therefore not be measured, 
for the Darling technique is based on collecting gas (N») from air-containing 
space. Despite the presence of this large space-filling structure, the residual 
volume of the lungs was moderately elevated, indicating that the patient was 
unable to reduce the measurable volume of air in parenchyma to a normal 
minimum by expiring forcefully. Severe obstruction to air flow contributed 
to this inability. This was indicated by the progressively diminishing slope 
of the expiratory tracing (inscribed in the volumetric schema in Fig. 4C) and 
by the figures for the timed vital capacity. Failure of the mid-position to be 
promptly restored following an expiratory effort, shown in Fig. 4C, is charac¬ 
teristic of obstructive breathing. In keeping with these findings, the maximum 
breathing capacity was low. 

Ventilation at rest was moderately increased to 5.5 L. per square meter 
of body surface area (normal 5 L.)—and was high in relation to oxygen uptake, 
the ventilatory equivalent being 3.2 (the normal range 2.2 to 2.6). In contrast 
to the previous patient, however, hyperventilation had not resulted in ab¬ 
normally low arterial carbon dioxide tensions and contents (Table II), indi¬ 
cating that alveolar ventilation was proportional to carbon dioxide production. 

Both dead space and venous admixture ratios were high, indicating an 
abnormal relationship between the distribution of gas and blood within the 
lungs. Since, as concluded from physical signs and mixing index, the cyst re¬ 
mained virtually unventilated, these distribution defects could be ascribed not to 
the cyst itself but either to the effect of the cyst on ipsilateral parenchyma or 
to abnormalities of the contralateral lung. Following resection, the arterial 
saturation at rest rose to normal values and the venous admixture component 
was restored nearly to normal. Coupled with the improved spirogram and 
timed vital capacity, these postoperative values suggested that the major portion 
of the preoperative abnormalities could be attributed to the effect of the cyst 
on adjacent parenchyma rather than to contralateral pulmonary pathology. 

It should be observed, however, that the dead space ratio was unaltered 
by operation and that some abnormality of arterial blood oxygenation remained; 
the venous admixture ratio was moderately elevated and the saturation at 
exercise was abnormally low. 

In addition to the favorable effect on oxygenation of arterial blood and on 
resistance to gas flow during expiration, excision of the cyst was followed by 
an increase in vital capacity (both inspiratory capacity and expiratory reserve) 
and total lung capacity and by a fall in the residual volume. Whereas the 
ratio of the residual volume to the total lung capacity had been abnormally 
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lutrli piiopointiscls, it fell to within lioimnl limits post opt i at is els 'flic con 
st met ion of 11 pleiiuil tent contiibuted 1o the fall in lcsidual s ohmic and limited 
the lestoiation of the total lungcapacits 

The tem,liniii" ahnoininlits in nia\inuiiii hi eat lung capncits, and indetd 
in the otliei aspects of function abends noted, mas he asenhed m part, at least, 
to the hie\it\ of the patient’s postopetntise coinalcseenct 

Summon/ —This patient, with a laige unilateial ail test demonstiatcd 
some ahnoinudities of sentilntion, lung solumes, senous adnnxtuic and phssio 
logic dead space hitinpulmonaii mixing was noimal Togcthci with the 
plnsieal signs, the dnt i welt lntcipicted to indicate sen pool commimication 
ol the cist and gloss mtcrfuonce with the tunction of ipsilutcial lung Follow 
mg cseision of the cist the pit lent demonstiatcd moie neaiK normal lung 
\oIumos, leduted icsistanec to an flow within the auisasx, and impioscd 
oxsgenation of aitciml blood The lcsidnal ahnoimnlities in lung \olumcs 
sentilation, and distiihution wcie nscnbtd to incomplete lcrosois of fumtion 
in lung which had 10 expanded following a pi oil acted pcnod ot eompiession 

1‘ 1TII N T MmilFII 1 I\ F 

( hmcal Summon /—This 41s cm old white male wntei first uiteicd the 
hospital on Alai 20, J1 >4, with simptoms of one and one lull icais duiation 
of slight to model itc dispuea on esulion 'Ihcic hid lieen no oithopiua 
cough, ot hcmoptisis I’tc cmploi incut loentgenogiams in Jnnunrs and Maich 
of this icai had icicalcd the piesenee of hilatcial inilinonnii cists 

The chest was simmctiical with equal expansion Theio wcic hipoi 
lcsonanee and absent hi oath sounds m the lett infinclaiicnlai space The 
csticnnlies exhibited no clubbing oi cianosis 

X inis of the chest showed two laigc mens of liictcascd ladiolucenci in 
lohing the left uppei lohe ind a considciahle poition of the right uppei lobe 
Bionchogiapln leicilcd turn bed compression and displacement downwaid of 
the left uppei lobe hionelu and crowding of the light uppei lohe bionchi 
Tomogiaphj (Fig r >/l) demonstiatcd a huge cist mlualli loplaemg the left 
uppei lobe and multiple cists ot the light uppei lohe Pulmonais function 
studies weie pciioimcd (Fig r >C ) 

On Juli 14, ]9')4, left thoiacotomi was pcifoimcd Theie was a cist 14 
<m in diametei oecupjmg the apical postcnoi segment of the lett uppei lobe 
togtthci with tlnee adj icent cists each appioximatclj 5 cm in diametei 
Incision of the laigc cist demonstiatcd patent connecting bionchi The cists 
weie iemoied hj a wedge technique A plcuial tent was eieated to tailor the 
lcmnining pleuial space to the lohimc of the lcmaining lung p-ucnelinna 
On lcliun to the hospital m Noiemhoi ot 10"54 tin pitient had noticed 
suhtectiic nnpioicmcnt in dispnei and meicased abiliti to do modeiateli 
stienuous woih On Noi 10 1054, i light thoiaeotoms leiealed mam laigc, 
tlun walled multiloeulai cists oi the apical and postmoi segments ot the light 
uppei lohe These weie leulili filled hi positnc piessuie but deflated c\ 
tiemeli slowli when suction was applied to the endotiacheal tube Tiie ic 
mamdei of the uppei lobe contained fibiotie tissue and muncious 11 c,i sts 
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Fig. 5.— 1. Preoperatne tomogram showing bilateral apical radiolucent areas 
B, Chest roentgenogram following completion of staged resection of bilateral lung cysts 
Arrows indicate pleural tents 
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A right upper lobectomy nos accomplished and a pleural tent constructed 
(r^ifr. !>/<)• IjHH" function studies were lepoited betoie and alter tbe second 
opciation (Fiji. fif). 

Physiologic Studies. — The picopcrativc Millies lor this patient with ex¬ 
tensive bilateral cy.stio disease weic lcmaikablv good Tbe maximum bteatliing 
capacity, vital capacity, total lung capacity, and mixing index were noimal 
or neatly so, Tbe timed vital capacity, however, was definitely slowed, and 
tbe residual volume was elevated. Tbcic weie, llieieloie, ineteased lcsistanee 
to air flow on cxpiiat’on and inability to ieduce tbe volume of the lungs to a 
normal minimum by foieotul expiration. 





Fllf 5C—rrc- anil postoperative function (lain of Patient 5 Tn spite of bilateral cystic 
afsease, tests of pteoper.itive function 010 not disclose striking abnormalities See text for 
discussion 

The fact that the index of intrapulmonary mixing was normal indicated 
that tbe cysts either did not communicate at all or communicated so completely 
as to bo cleaied of nitrogen during the period of oxygen breathing. In tbe 
latter instance one would expect the physiologic dead space to be abnoimally 
high The noimal figuic for this measurement suggested extremely poor com¬ 
munication Slowing of the timed vital capacity, theiefore, could probably not 
be ascribed to evacuation of laige cystic ateas through attenuated orifices This 
impression was confirmed at fluoroscopy by the finding that the dimension!, 
of the cysts appeared to lcmain constant dining deep breathing. The slowed 
timed vital capacity could then be attributed cither to obstructive paienchymal 
disease exclusive of the cysts 01 , as was more likely in view^of the good 
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maximum breathing capacity, to a regional obstructive effect of the cysts on 
adjacent tissue. The improvement in maximum breathing capacity which 
followed excision of the cysts supported the latter explanation. 

This patient, as well as the first 2, demonstrated that a poor timed vital 
capacity is compatible with a good maximum breathing capacity. By perform¬ 
ing the latter test with an elevated position of the chest, some patients with 
obstructive pathology may ventilate well using the portion of their respiratory 
cycle characterized by the least obstruction. 

In addition to improving ventilation (maximum breathing capacity), re¬ 
moval of the cysts produced changes in the lung volumes. The interpretation 
of these was colored by the space-filling procedures (pleural tents) concomitantly 
performed. The fall in vital capacity and total lung capacity could be at¬ 
tributed either to thoracotomy or to restriction of the endothoracic space. The 
striking fall in residual volume was probably a result of the latter, for similar 
changes do not usually follow uncomplicated bilateral resections. 18 

The results of bronchospirometry before and after the first operation were 
unusual in that the contribution of the left lung to ventilation and oxygen 
uptake was not adversely affected by ipsilateral pulmonary resection. This 
indicated that the tissue excised was relatively functionless and that the 
operation interfered minimally with the performance of remaining tissue. The 
second operation, however, reduced the contribution of the right lung to 
abnormally low levels. Probably, therefore, functioning tissue was excised 
together with the cyst. The operative note suggested that such tissue had been 
removed with the cyst. 

Between the first and second operations, the index of alveolar mixing 
|pore than doubled its preoperative value in spite of the fact that a decrease 
might have been expected by virtue of the considerable fall in functional 
residual capacity which followed the first operation. Increased communication 
of the remaining cysts on the right side was a possible explanation for this 
change. An x-ray report dated one week following the second study described 
“less radiolucency at the right apex.” This finding, together with reversion 
of the mixing index to preoperative levels after removal of the right upper lobe, 
suggested that communication had improved and that poor mixing in the 
cystic areas had indeed accounted for the high alveolar index. 

The variations in distribution ratios are difficult to interpret. There was 
an increase in venous admixture following the first operation and, after the 
second operation, a pronounced rise in the ratio of the dead space to the tidal 
volume. The former indicated that after the first operation a larger proporiion 
of the cardiac output was delivered to alveoli which were poorly ventilated 
relative to their perfusion. The dead space ratio is sometimes elevated out 
of proportion to an elevation in venous admixture in patients with emphysema. 10 
A similar effect is produced when the Pa C n, is overestimated due to error 
in its measurement. This determination was carried out in quadruplicate with 
good checks. In the absence of an analytical error, the reason for the unusual 
postoperative pattern of distribution in this patient remained unexplained. 
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Pinalls, it should he ohscn<d that the impioicmcnt in timed nlal capauts 
fPi<r 't(') ledeeted not an tmicisc m the icilumc ol .111 cspellcd 111 1 2, 01 
d seconds lmt, the eonsideiablo dcuease in the Mtal capacitx Indeed, less 
,in was inmcd postopoialuols in each of the I tune internals thm had been 
cspellcd prcopeintneh 

Siiainiaiy —This patient with hilati 1 . 1 I csxtn disease, 111 sjnte oi lcxpiiaton 
symptoms, had a pood maximum hicatlung capacits, nciils 1101111 , 1 1 lung 
\ohinics, and mininiiil abnormalities 111 icntilation-pcifusion id itionslups The 
timed \ital capaciti was dcfimtcK slowed lioueiei, and the mixing index 
was ininimnlh elenated Although it had been predicted pieopeintuclx that 
the cists on neitiiei side connmime lied well, inspection oi the pathologic sptci 
nuns demons!tated anatomieallj patent eommuiiic it 1011 s on tin lett Hi 
latcial leseetions with const met ion of pleural tents weie followed In an 1111 
pioied maximum bienthing capacitx, lsettci lntiapulmoiiaix mixing, a tall 111 
the majoi lohimcliic computments and iclitf ot siihjcetnc simptoins 

1’lTItM NOMIirit six 

Cluneal bummani —This 31 icai old Negio man fust noted the onset of 
pun m the light nppu chest and piogiessixe exeitional dispnea in Match of 
19 j 3 Past histon and sistemic incpiiis note noncontnlmtou except foi an 
episode or spontaneous pncumothoiax ol the left lung in lOjl 

Phi si col cx.iniui 1 I 1011 disclosed diminished exp.mson ot the chest Tactile 
fremitus, local Jicmdus and Incath sounds weie absent itom the light uppei 
chest both antcnoili and posteuoih Tlieie weie ifdcs at the light base, 
posfeijoih Roentgcnogiaphic examination ol the chest icse-iled a huge an 
eonfainmg <ist 111 the light lung (Pig fid) Pulmonale function studies weie 
old lined (Pig GO) 

At thoiacotomi, on Aug 4, 1<)53, the plcutol space was found to he com 
I’lcteh ohlitciated li\ adhesions It was impossible to collapse the lung because 
ot the picsencc oi inmimctahlc huge cists in which the .111 was flapped The 
lists, sailing iiom the si/c ol a “ioothall’ to that ot a “match held, weie 
almost all located 111 the light uppei lobe Thci weie icmoied hi wedge 
i csection 

Postopuatnc chest locnlgeiiogiams (Pig ( 1 21) lcsenled one laige and 
seteial smallei cists 111 the lett lung, these lining become appaient lollomng 
the contialatenl snigcn Puithci puliuonaii function studies weie obtained 
(Fig GO) 

On Sept 24, 1053 a left thoiacotomi disclosed a luge thin walled, an 
containing cist which immediate!! ballooned out tlnough the incision This 
cist measunng J2 hi b cm, ins attached to the anteiolateial edge of the 
lingula Tlieie weie also tluee ‘ lemon sired cists ausmg I 10111 the nudanteiioi 
poition ot the left uppei lobe and multiple smallei cists and emphysematous 
blebs scattered tinoughout the lcmaimng pucneliuna The lett lo ' 'as 
giosslv 1101 inal except toi the picsencc of small emphsscmatoi 
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F,g-. g.— A, Chest roentgenogram Note large rndiolucent area occupying the upper half 
of the right hemithorax. 

B, Chest roentgenogram. Right lung cyst has been excised Note the appearance of the 
radiolucent area in the left henuthoiax. 
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larger cysts wore removed by wedge resection with the pleura being approxi¬ 
mated over the exposed lung tissue. Large bronchi were encountered in the 
resection of the cysts. 

The postoperative course was uneventful. Following convalescence after 
the second thoracotomy, the patient was capable of moderate exertion without 
feeling short of breath. 

pxr-r_- - 



i • i 

I. J 

ritr. G C .—Chest roentconoKrnm Appearand of chest follow Ina hllntoral excision of lunc cysts 

Physiologic Studies .—In contrast to the previous patient with bilateral 
cystic disease, the present one demonstrated a number of obvious respiratory 
abnormalities. The maximum breathing capacity, vital capacity, and total 
lung capacity were reduced. The contribution of the right lung to function 
was abnormally low (less than 35 per cent of total). The mixing index was 
moderately elevated. The venous admixture was extremely high and the 
maximum diffusing capacity was very low. 

Postopcratively, the values for all tests were more nearly normal. Venti¬ 
lation, lung volumes, intrapulmonary mixing, arterial blood gas contents, and 
dimensions of the alveolar-capillary bed (maximum diffusing capacity) were 
all favorably affected. Therefore, a major portion of the preoperative re¬ 
spiratory pathology could be ascribed to the effects of the cysts rather than 
to other parenchymal disease. Preopcrativcly most of the right lung was com¬ 
pressed into the right lower chest (“vanishing lung syndrome”) and could 
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not normally circulate either air or blood. Ventilation and mixing were there¬ 
fore poor and the measurable lung volumes were small. Perfusion remained 
more nearly normal than ventilation with the result that an unusually large 
proportion of the blood flowing through the lungs was poorly oxygenated. 

Saturation of peripheral arterial blood with oxygen was therefore low 
(92 per cent at rest, 88 per cent during steady-state treadmill exercise), and 
the venous admixture ratio was unusually high (24 per cent). Carbon dioxide 
content (46.92 vol. per cent) and tension (35 mm. Ilg), however, were low in 
contrast to what one might expect in a mixture containing 24 parts of mixed 
venous blood and 76 parts of well-arterialized blood. The explanation for this 
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Pig. CD.—Pre- and postoperative function data of Patient C. Preoperatively there were 
severe abnormalities of ventilation, lung volumes, relative performance of the two lungs, 
ventilation-perfusion relationships, and the maximum diffusing capacity. With the exception 
of the physiologic dead space, all aspects of function were favorably affected by operation. 


apparent physiologic discrepancy can be visualized by reference to the differ¬ 
ences in the dissociation curves for carbon dioxide and oxygen. These curves 
show that although it is not possible to augment the arterial oxygen content 
by regional hyperventilation (flat part of 0 2 dissociation curve where increases 
in Pq 2 result in only small changes in 0 2 content), lowering alveolar P C o 2 
by this mechanism will cause a loss of C0 2 from the blood. Regional hyper¬ 
ventilation, although ineffective in compensating for poor oxygenation due to 
localized hypoventilation, is more nearly effective in maintaining normal blood 
levels of carbon dioxide. 

Saturation of peripheral arterial blood is maintained in part by con¬ 
striction of pulmonary vessels in x’esponse to hypoxia. 20 It is evident that, 
in this patient, this mechanism for shunting blood away from the hypoventi- 
lated areas was incompletely effective. 
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The low diffusing capacity together with tlie postoperative rise in this 
measurement suggested that a number of alveolar-capillary) units were in- 
effcetual as a result of the eysts' pressures. It should he noted that even post- 
operntivclv the value for this test was less than normal. This eould he at¬ 
tributed to excision of functioning alveoli contiguous to the cysts, to incomplete 
postoperative recovery of function, and to the presence of additional small 
blebs representing destruction of alveoli. The latter were described in the 
operative note. 

Most of the functional improvement was produced by the first operation 
and may he accounted for by re-expansion of compressed lung. The residual 
volume was increased because the contents of the entire right hemithorax now 
contributed to the functional residual capacity; preopcratively, a large pro¬ 
portion of the intrapleural volume bad been filled by the noncommunicating 
air-filled eysts. The maximum diffusing capacities after the first and second 
operations were nearly identical, indicating that the tissue excised from the 
left lung at the second operation included a minimum number of functioning 
alveoli. As was true of the diffusing capacity, persistence of low values for 
tests of ventilation and lung volumes reflected in part the effect of the short 
convalescence. Finally, the poor communication suggested preopcratively by 
the mixing indices was confirmed at thoracotomy. 

Summary .—This patient with bilateral air eysts and severe respiratory ab¬ 
normalities improved strikingly after excision of the cysts permitted re-expansion 
of compressed lung. The improvement was measured in terms of ventilation, 
lung volumes, intrnpulmonnry mixing, ventilation-perfusion relationships, and 
the total maximal area of the effective alveolar-capillary bed. The preopera¬ 
tive prediction that flic cysts on both sides communicated poorly was borne 
out at thoracotomy. The respiratory deficits remaining postoperativcly were 
attributed to both the brevity of the patient 's convalescence and the remain¬ 
ing pulmonary pathology. 

DISCUSSION 

The six studies of pulmonary cystic disease included in this report were 
selected (1) to serve as interesting exercises in the interpretation of pulmonary 
function tests, (2) to demonstrate the variability in the physiologic deficit 
associated with cystic disease of the lung, and (3) to document the beneficial 
effects of cxcisional therapy. 

The first objective was approached by illustrating and discussing the 
patients’ performance of certain pulmonaiy function tests. 

With reference to the second and third objectives, these studies show that 
no single pattern of respiratory abnormality is characteristic of pulmonary 
cystic disease. Large cysts may be associated with a minimal, moderate, or 
extreme physiologic deficit incorporating not only abnormalities of ventilation 
and lung volume but of gas exchange as well. 

In the absence of generalized pulmonaiy disease, the degree of the physi¬ 
ologic abnormality produced by a cyst is largely a function of the extent to 
which the cyst compresses the surrounding lung. This compression in turn is 
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greater as the pressure difference between the inside of the cyst and the 
adjacent tissue increases. When a cyst communicates poorly or intermittently 
(Patients Nos. 4 and 6), this pressure difference remains high. Particularly on 
forced expiration, the cyst remains inflated at a high intracystie pressure at a 
time when the adjacent parenchyma contains its residual volume at oral or 
atmospheric pressure. The patency of communication, therefore, is a critical 
factor in the production of parenchymal compression. Accordingly, the index 
of alveolar mixing, an approximate measure of the degree of communication, is 
of particular significance. 

As would be expected from the foregoing, those patients with the most 
severe physiologic deficits had, as judged from normal or minimally elevated 
alveolar indexes, poor, or intermittent communication. In these, the effect of 
the cyst’s pressure was not only to obstruct the flow of air to and from adjacent 
tissue but, in addition, to disrupt the normal relationship between ventilation 
and perfusion of this tissue. In Patient No. 6, for example, pre- and postopera¬ 
tive measurements of the maximum diffusing capacity showed that the number 
of alveoli available for the diffusion of oxygen into the blood stream was in 
effect diminished. These derangements together with abnormal ventilation- 
perfusion relationships and an attenuated diffusing surface are those one would 
expect in a lung in which partial and complete atelectasis were mixed. They 
'fit the interpretations of roentgenograms and the descriptions of the lung at 
thoracotomy. 

None of the patients had physiologically compromising generalized pulmo¬ 
nary emphysema. Two (Nos. 4 and 6), however, demonstrated hypoxia (ex¬ 
cessively high venous admixture ratios) both at rest and exercise. In both 
instances, the saturation of arterial blood at rest returned to normal post- 
operatively and, in one instance (No. 6), to normal levels even on severe tread¬ 
mill exercise. Poor saturation of arterial blood per se, therefore, was not an 
absolute contraindication to surgery. This point is stressed because of the 
emphasis it is given by Baldwin and her colleagues. 1 Among the 16 patients 
reported by these authors, hypoxia was found only in patients in whom cystic 
disease was superimposed on advanced pulmonary emphysema. Hypoxia under 
this circumstance is undoubtedly an adverse prognostic index. It is evident from 
the present patients that hypoxia may appear independently of emphysema. 
One would have excluded from surgery those patients who were to gain the 
most, from it, had poor saturation of arterial blood in itself been interpreted to 
contraindicate resection. 

The patient with far-advanced emphysema is, of course, a poor surgical" 
risk and should be distinguished from one whose respiratory deficits can be 
ascribed primarily to cysts and their effects on relatively normal adjacent 
parenchyma. This distinction may be difficult, for the physiologic character¬ 
istics of each disease have much in common. However, in the 2 patients (Nos. 4 
and 6) whose poor saturation of arterial blood might have led one to suspect 
advanced emphysema, other findings did not confirm this impression. The 
alveolar index was not high; the ratio of the residual volume to the total lung 
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capacity yyns not unusually clcyutcd, and tlicto was no carbon dioxide letention 
Phisieal findings and locntgcnoginpliy, of comse, me also of additional help 
in establishing the piesence of gmci aimed emphysema 

The coucsiiondence helween picopciatnc physiologic CMdenee of com 
munication and the ease with winch the cyst could lie deflated at opciafion was 
good The difleicnce between physiologic and anatomic eoimminication was 
demonstiatcd In Patient \o 3 whose specimen showed a nuinhei of patent 
auwats despite eyiduKO of pool fumtional communication A yuhe mechanism 
at the onficcs within the tyst is a possible explanation foi this apparent mcon 
sistency 

It is om opinion that the singical ticatincnt of few pnlmomm lesions ofteis 
a mote piomising functional icsult than that demonstiatcd In these patients 
As tilth a const noting pleuial peel, the pulnionaiy ctst is hugely funetionless 
and the compiesscd adiacent tr-sue mat he it hunch iioimal Optimal lesults 
mat he expected when ti cat mint is instituted catlt foi it is lcasonahle to 
assume that iceoxcrx of paienclnmal function is adteiseh atlcctcd by dotation 
and extent of eompiession 

smixi un 

The physiologic data of 0 patients y\ltli cystic disease of the lung wcie 
selected fot piescntntion The cfleels of singical management wcie studied m 
3 of these patients, 2 of whom had lulntcinl lescetions 'Ucasuioments of ycntila 
tion-pcifusion lelntKinships, ol the ninxnnnm diffusing capacity and of the total 
capacity ot each lung mdnidually yycie used to supplement the custoniaiy 
lnlatcial and hionchospiionictiic determinations of yentilation, lung yolume, or 
oxy gen uptake 

Pom of the patients fell into lccogmml functional types minimal oi 
modciate nbnoimalitics of yentilation and lung yolumcs with ot without cyidcnce 
of communication hetween the cyst and aiiwnys Two patients piesented 
patterns of physiologic nhnoiinahtics not pieyioush dcsciibcd scyoie abnoi- 
malitics of yentilation, lung yolumcs, and atteual blood gas contents unasso 
eiatcd yyith gcneializod pulnionaiy emphysema 

In the absence of gcueiali/od emphysema, the patency of communication 
and the degiee of paicnchymal eompiession pioduecd by the cysts appealed 
to he the most likely factois accounting foi yauation in the physiologic deficit 
The pieopetatne impression of the extent of communication and eompiession 
correlated well yyitli the anatomic findings 

Resection of the cysts pioduecd beneficial symptomatic and physiologic cf 
fects In the most seyeicly ill patients, dyspnea was iobeyed, yentilation nn 
pioyed, lung yolumcs yyeic icstoied toyyaid nounal, hypoxia yyas eliminated, and 
the maximal dimensions of the effectne alxoolar capillarv bed yreio augmented 

Patient No b W operated upon by Pi Mehm Newman whose cooj oration in refornng 
the patient for study is gratefulh acknowledge 1 

The clinical anahseb lung -volume*, and tests of ventilation were performed by hospitat 
corp*men of the United States Na \y trained in the Cardiopulmonary Laboratorv ot the 
United States Naial Hospital St Alban*, hen lork The authors are particularly indebted 
to the following for their *1 ill and interest Terry Borrelli, Henry Haddad, Joseph Malm, 
John O’Brien, Eobert Obser, truest Bicknally, and Eobert Enuf ^ ^ ^ 
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D ISSKCTIOX ot 1 he .imla has ionic to be ilini.ntinsticalh associated with 
the sudden onset ot tiaimg pain, liequenth laeliatmg, lollowed In loss of 
(onsciousniss, piostiation, slioih, loina, and dcatli This dianiatic clinical con- 
ie])t of dissecting aneiii\sms, lctcinng as it docs to the acute xaiieti, only 
tends tow aid ohscui nig the (act that a small piopoition of this tipe of ancunsm 
attempts a healing lesponse to this pooih undcistood lipe of initial aiterml 
altciation 

A leniew of a lnigc iiumbu ol eases of disseeting animism which base 
come to aulopsi at this Ceuta disclosed h\e examples of the so called healed” 
eaiiete It is the purpose of this lepoit to piesuit the clinical and pathologic 
manilestations ol these cases in detail We feel that the pathologic changes 
within the aoita, of this sines, exhibit the wide latigc ol lcpaiatne phenomena 
that is possible, extending fiom imjiciiieth oigani/cd intiamuial hematomata 
to longstanding seeondai\ endothelial lined chanmls with initial olastifieation 
and mtimal hipeiplastie changes Additional mteiest obtains m cases of this 
t\pc In icason ot the great adxnnus m the field ot caidiowiseulai suigen, 
scieial lejioits of smgieal lcpin of disseeting aneunsm hung found m the te 
cent Iileintiue 1 ‘ 

Some ol the data ich \ant to these cases me outlined m Table I 
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CASE REPORTS 

Case 1.—K. L. (A55-20), an 87-year-old white man, was apparently well until approxi¬ 
mately .Jan. 23, 1953, when a diagnosis of coronary artery occlusion was made. lie was not 
hospitalized and it is not known whether an electrocardiogram was obtained. 

Tw'o weeks later he was admitted to Syracuse Memorial Hospital complaining of 
substernal pain, weakness, and a cold-sweating feeling. An accurate past history could 
not be obtained. Physical examination disclosed an elderly man who was extremely 
pale, clammy, and in acute distress. Respiratory distress was present. The temperature 
was 97° F., pulse 126 per minute, and the respirations w r ere 30 to 32 per minute. An 8 
by 10 cm. soft, mobile mass was noted in the left neck which pushed the trachea to the 
right of the midline but did not pulsate. Dullness to percussion was described in the left 
axilla and base of the left chest and rales were heard at both lung bases. The left border 
of cardiac dullness was found to be in the left midaxillary line. The heart sounds were of 
poor quality and a tic-toe rhythm, with some irregularities, was noted. A Grade II 



Fig. 1.—Case 1. Aortic intimal surface showing the two clot-filled defects, the larger 
being more proximal. The central intimal zone to the right of the distal defect is free of 
atherosclerosis. 

precordial systolic murmur and a questionable diastolic murmur were heard in the left 
axilla. The abdomen was soft and the liver edge could be outlined 1 to 2 fingerbreadths 
below the right costal margin. The lower extremities were not remarkable. Laboratory 
data revealed a hemoglobin of 12.5 Gm. per cent; hematocrit, 36 per cent; and a total 
white blood cell count of 25,000 per c.mm., wth 3S per cent polymorphonuclear leukocytes 
and 21 per cent lymphocytes. Electrocardiographic changes were interpreted as acute 
ischemia and injury to the anterolateral septal area with subendocardial ischemia. The 
patient died on the day of admission. 

At autopsy the principal findings were confined to the heart and the aorta. The 
heart weighed 7S0 Gm. due to a left ventricular thickness which was twice normal. The 
valves were not unusual but there was a fibrotic area in the posterior left ventricle con¬ 
sistent with an old myocardial infarction. The aorta was the site of a recent and an old 
dissection. The old dissection was located in the thoracic aorta while the recent one was 
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m tho ascending portion of the arch with ruptuio into the pericardium nnd death was duo 
tn cardiac tamponade This recent direction was not contiguous with the older process 
ami there was no cudeme of an uitiuial tear The recent dissection involved the in¬ 
nominate nrter\ hut the Itit common tnrotid nnd loft subclavian arteries were spared. 
The healed aneunsm was located in the proximal descending aorta and presented an hour 
glass shaped defect which begun just below the origin ot left subclavian artery This 
deformitv was oriented m the longitudinal plane of the aorta, measured 11 b\ I 1 cm, nnd 
appeared to invoice ISO degrees of the posterolateral aortic circumference Viewed from 
its intinml surface, there were two large defects present (ITg I) The more ccphalad 
defect was a shell shaped 7 b\ 4 cm depression Idled with impacted blood clot The 
second defect was oval in shape, measured 1 r > bv 2 cm, and uns located 1 r t cm distal to 
the lower border of the proximal rent. A s lgittnl section of tins entire area disclosed 
that although there had once been coutinuitv of intramural hematoma between these tears, 
it was now mark oblitemtul bv densi fibroin tissue uhuh jiroduccd the constriction m 
the hourglass deformitv (ITg. 2). The clot within the more enudnd depression was ensilv 
removed and there appeared to be a nenrlv complete endothelial lining about this clot 
Examination of ITg 1 gives tho impression that the new endothelium was continuous with 
a pearlv white longitudinal zone that extended distnllv for a distance of 12 cm 



Fig 2—Case 1 Sagittal section Illustrating the central oiginlzntlon producing the hour 

glass deformity 


Microscopic examination of the area ot recent dissection showed ver\ slight evidence 
of Erdheim's cvstic medionecrosis Minimal atherosclerosis was present Stud) of the 
old dissection disclosed fibrosis of the entire thickness of the aortic wall in the vicmit) 
of the proximal tear The intramural hematoma was composed of amorphous eosm staimng 
material without evidence of significant organization or cellular debris The vasa vasorum 
were thickened and there was a prominent ljmphoid infiltrate present The most narrowed 
point shown m Tig 2 was composed of dense connective tissue with man) prominent large 
vessels and the ovcrlving intiina at this point was the site of marked atherosclerosis The 
aortic wall below the distal defect showed mural fibrosis m its outer'’fhird il onlv Of con 
siderable interest was the fact that the most severe cvstic me C - located 

beneath the intima described prcviouslv as a.pearl) white longn ^tal 
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to the more caudad intimal tear (Pi, 3) T ,. ^ 1,57 

examination since it was viwi.-m,. -r V' area "' as “misually striking ?„ ^ 
severe al„„ s i,„ |„ teral Kluits ; ^ ™ f™"Oils «” 

ctuiation (more than O' months) was ( .,r , C 1011 C011 {1 ,,0 t be accurately date,] 
in this casc with othcrs i ’* wMci * ^ 



Hospital of the Good Shepherd April V 1940 ' ° WOma ”’ Syracuse University 

n intermittent precordial pain, l Z£h a V^^ ° f -enkness, anorexia, nervous- 

T™ ■ SIle was <»M to have had co one duraHo,1 > a "<* some swelling of the 

«u Mcompany^g falI in bIood pressur( , ^ ly artc *y thrombosis one year previously, with 

Pliys I,a J n ' V *^' radiation to the left arm ' C ° time slic i,a<i noticed occasional sharp 

slowly ^ tT’ H& 5n U,e r ' ght armMl Thfjmtie^Tr 110 M t] ' 0 ] ° ft arm of 2e °/150 mm. Eg and 
huwr'tf ie , pUp ' 1S reacted porly to both litrl ' as dc, '-Ulrated, cyanotic, and responded very 
riJ/i T 16 rigIlt - Veuous congestion waf 'I"' accommofJa tion and the left pupil was 
murm, an<1 , t0 th ° left as determined by Pe '! apparent - ' r| m heart was enlarged both to the 
area. unj'^ ° ver t,le mitral area and T. S, °"f r L ° Ud pr0s - yRtolic , systolic, and diastolic 

heard t sou, »ls were of poor quality ami' f] ' > S ''? ° 10 murmur was noted over the tricuspid 

costal 1 baSC ° f the teft lung and the ‘ V , ’™ s tofa,ly ^regular. A few rales were 
active rr aUd Was descri bed as tender and "T l0Cated 5 bngerbreadths below the right 
V tlle der and palsatia S- Deep tendon reflexes were more 

,C ' 1 wld!ellTourSmiHiof i0n ^ 1M * atiTe - The hemog, ° bin 

1 per cent ’’ " lttl 96 P er cent polymornhmn i ^ ^ C-mm v white blood cell count was 
monocyte,. The miae leukocytes 3 pen ce„, lyn.pl,ocyte,, »«I 

disclosed it ApLfc g „r«v 
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of 1 02 J n 4 (illimmn nml tlumps of both rid uid whit* blrol nils \\<re ».etn on micro 
** o]>i< i x until it ion T lio nonprotun mtrogm wax 1J"» mg pi r 100 i i i It* ih.tiot udiogrini 
uns inttrpntiil i*- slummy lift uutnnilu pn p mdi murt utri nl ir HI i ill tt ion, uni into 
i trdml dnnttgo K"< ntg* n«»gr iplm < x mini ilion of (In <Ju>t ili^c Io«t «I tin gri ttisf <h um t< r 
of tin dust to 1 h 2h i tn tin gxute-l ditnutu of tl i lu irt In lo JO un nul then w is 
in irl«*1 widuun„ of tin lirut .-Ii idou du« to b ft vindnul r h\pu Iropltx J In lift luruulnt 
!ppi ml i^o u is not ]iromm nt Tin tri In i dtvitNd to tin tight j «st< run anil thin, w is 
sonn futliK ss of tin Mipnu til dim ^It linn was nun ixed dinuitv Iihrtl to tin aortic 

*h irfon m*| thou < uli root Hum nr* w I ttu il to tin not (it s|»i low wore thought to be due 
to (onpstioti, nilbimnmtiou or po-xiblv tumor llu pitunt rln 1 on tin third d iv aftu 
id miss ion 

\t autopsy thin was ondtiiu of acute and chrome rheumatic heart disease, mitril 
stoiosis, a mural thrombus in tlu lift auricular lppmdngcs, left vcntriculir li\p* rtrophv 
(heart m fight—-f»00 (mi ) chronic passive congestion of tie liver arteriolar nephrosclerosis 
bronchopneumonia, and foenl gloim ruloncphntis Permission for examination of the bni i 
was not obtained 1 xnnmmtion of the aorta disclosed it to In enormously wilcntd irom 
the distal end of tin arch to the iliac bifurention Inspection of the aortic interior re 
ualed the prin net of two elistimt lumens at the distal e ml of the aortic arih leading int » 
« **0 callcel “rfouhh barrel' aortic structure (I ig I) llu larger lumen \ as confirm is 
with an intramural stcondnr' channel which luiel been prodmed b\ a |r \iou« aorti iis 
section This second a re passage extended down the length of the corta to terminate m tie 
left iliac nrlerv where it recoinmtimeated with the original xriMulnr '•'‘•tun llu lining 
of this soeouelirv channel was light yellow somewhat wnulled, and eontau 1 organin I 
iritinml thrombi which extuid* 1 from its origin to a point just below the eebat axis 
Moderate atherosclerosis was present within the true lumen 



- 

w!' 

& 

J 






Ilp - 1 —Case 2 Double barrel aorta with both channels onl> j artlallj ojjcne I The false 
channel contains oipanlred bloo 1 clot 

"Microscopic examination of the true aortic wall disclosed a moderate amount of 
C'stic medionccrosis within the ascending aorti and aortic nreh while the process was 
'irtualh absent within the thoracic and ahdoiniuul aorta Atherosclerosis was dilfuseH 
present along the entire length of the true aortic ultima The secondary channel was 
charictenzed by i thick wall, a new endothehnl lining, and by marked submtimal pro 
hfeiation "With the use of \crhocfl’s elastic stain a large number of new elastic fibers 
were noted to have developed within the wall of the secondary channel (Fig 5) The most 
striking abnormality however, was the large number of focal, eecentricalh located zones 
of mtiinal thickening Although devoid of elastic tissue, thev were composed of an em 
hryonic tvpe of loose mesenchvnmtous tissue very similar to that seen in Wharton's jelly 
of the umbilical cord (Fig 6) The fibroblasts within these submtimal thickenings were 
stellate shaped and there was a large amount of pale homogeneous intercellular substance 
which appcired almost fluid in nature Although several observers have described the 
presence of arteriosclerosis within the sccondaiy channel,# 7 we failed to see anv similarity 
between this type of mtinial change and any -variant of human arteriosclerosis It dul, 
however, appear to bo identical with the changes described by Prior and Jones,8 who noted 
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persistence of mesenchyme-like structure within the aortic intima and within the intimn 
and media of the great vessel* arising from the arch at birth, and for a considerable 
longth of time thereafter in the newborn infant. 

Cask 3.—A. P. (A53-21[)), n 72*year*ol<I white man, was well until June 10, 1951, when 
he complained of continuous subxiphoid pain. The first pain appeared suddenly and while he 
was at rest. Additional complaints of exertional djspnea, paroxismal nocturnal dyspnea 
and two*pillo\v orthopnea wcie elicited 1»\ the examiner. The pain disappeared on July 
12, 1954, and hypertension was first noted one month later. A roentgenogram of the chest 
taken Jan, 5, 1953, prior to the onset of symptoms, was interpreted as showing slight 
mediastinal widening. A subsequent roentgenogram taken on Aug. 13, 1954, after the on¬ 
set of symptoms, showed enlargement of the heart and n dilated tortuous aorta. No 
pleural fluid was seen but there was some pulmonary vascular congestion indicating heart 
failure. 
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J'lfr 7.—Case 3. Cheat roentgenogram show inn the peculiar segmental flattened appearance of 
tlio convex aneurysmal surface. 

Six weeks later, on Sept. 27, 1954, this patient was admitted to Syracuse University 
Hospital of the Good Shepherd complaining of shortness of breath and inability to sleep 
for the preceding week. The symptoms of dyspnea, orthopnea, and paroxysmal nocturnal 
dyspnea persisted. He was digitalized at this time and maintained on 0.1 Gin, of digitalis 
leaf daily. The blood pressure on admission was 200/134 mm. Hg. Diffuse inspiratory 
coarse rales were heard over both lung bases. The heart was slightly enlarged to per¬ 
cussion and tlio liver was 2 fmgerbrendths below the light costal margin in the mid- 
clavicular line. No mention of an absent pulse in any' extremity was made. A roentgeno¬ 
gram of the chest and fluoroscopic studies showed a dilated tortuous aorta at this time (Fig. 
7). The WasseriMann reaction, was negative and other Jaboratoty data were noncontributory. 
An electrocardiographic examination was interpreted as showing left ventricular enlarge¬ 
ment. The patient was discharged Oct. 29, 1954, without signs of cardiac failure. 

Additional chest roentgenograms were taken in the outpatient department on 
Dec. 30, 1954, approximately- six and one-half months after the onget' of symptoms. The 
heart remained slightly enlarged and the lungs were clear. There had be further 



Fig. 5.—Case 2. Verhoeff’s elastic tissue stain showing new elastic tissue formation 
in the secondary lumen toward the left side of the illustration. The new intimal connective 
i this channel can be seen. (x20.) 
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had become wor**c but there was no luxtorv of recent chest pain I lie blood pressure at 
tins tune was ISO/l 10 mm Hg Inspirators riles were heard throughout both lungs and 
the In art sounds \ure faint the record states that tin patients heart began to fibrillatc 
the blood pressure dropped to S0/lt» nun Hg and <k ith oiunrcd on J cb 5, PH'S 

At autopsv th« significant findings mtlmUd pulmonarv edmm bilateral ludrothorax, 
bronchopneumonia, a 1 m nign dtiodmal tilur with pnncuntic penetrition left \cntneular 
liv pertrophv (heart weight*—*i 1*5 (tin), uid arti riol ir m plitosi Itrosis Hit thojaue aort i 
was tlu site of a fusiform limitation imaxuring 1M b\ 1 tin and encompassing ISO degrees 
of the postered iter i! aortic ciruimfen ncr ih is amurv-m began to cm distal to the hit sub 
ebiMnn arterv and terminated S cm above the tocliac n\is \ itncd from the lntnnnl 
surface there w m a completi Mpirntion of lutinml eontinuitv just below the left sub 
clavinn arterv (1 ig 3) Hie narrow portion of this intiiiml tear measured 1 cm in length, 
while the widest portion took the form of a trinsierse oval defect measuring 3 bv 2 cm 
Noth of these defects were filled with clotted blood 'lie distal mtirnnl tear was circul ir 
in shnpe, hail ragged margins, w is filled with clotted blood and measured 3 cm m 
dianu tor A triangul ir «li ip< d piarh whiti mtiniil surf no Mindir to tint de-< riled in Case 
1 cxttmhd for a distune of -1 ent below this distil defect Atlu rosehro-is was not present 
on this mtimal surface A si pirate intramural honmtom i, nn tsuring 1 bv 2 3 bj 2 3 cm 
was noted at the le\tl of the totlnu a\i* Hus aiea show id no evidence of mtimal rupture but 
did encroach upon the coclinc axis, right renal, and superior mesenteric arteries 

Micros!opic examination of the aortic orili proximal to the te ir revealed a thickened 
adventitia, intiiiial atherosch rosis, md no evidence of cvstie muliouecrosis Sections 
taken from tin area of the proximal tear showed nmrltd mtimal rcparitive nctivitv 
(Fig 0) ilio fibroid ists were clinrncteu/id bv p\l notic nuclei and showed actixe in 
vasion of the clot \erIiocfTs elastic tissue stain rc\tilled \erv scant amounts of elastic 
tissue within the mwl\ formed, thickened intimil tissue Thi« mtimal proliferation was 
histologiealh identical with txpi rimcntal rcguieration of the intima of the rabbit aorta 
ns described bv Prior mid Hotter, 0 occurring about thirtx five dnvs after mtimal injun 
Hie intramural clot was composed of acellular, amorphous, acidophilic debris, and organ 
ization of this material was proceeding \cr\ slowh from the outer coat of the aorta The 
Ultima about the distal tear showed the samo pattern of organization ns described above 
in association with the proximal defect The pcnrlv white appearance of the triangular 
shnped mtimal segment below the distal tear was c uised In severe umlerhing c\stic 
medionccrosis The distal separate liitramurnl hematoma aj pc ired to be of more recent 
origin than the largi r clot but showed intinml and ndventitiil connective tissue invasion 
into the hematoma 

Casf 4— L h ( V4S 100), t 4Jjcarold white male farmei, was in good health until 
Tune 25), 1048, when lie sufTucd the sudden onset of severe sul stern il pun during effort He 
w is lmim(batch hospitahzid uid it tint tune the blood pressure was recorded as 230/170 
mm Hg m both arm- flic timpernture, puhi, uid respirations were witlun normal limits 
The pun persisted for four (lavs and was ch iraeten/cd b> infris ipul ir radiation IXborn 
torj dat i at tins time mealed a total white blood coll count of 30,000 per cram, with 30 
per cent pohmorphomulenr leukocvtos and 10 pt r cent hrnphoevtes The red cell count was 
8 million per cubic millimeter with 10 Gm of Jcmoglobm Vn. clectroc irdiogr im w is ited 
to show left axis dcnition One wcel after hospitalization the blood pressure in both arms 
was 270/120 mm Hg and the level ui the legs was shghtlv lower On Juh % 1948, eleven dajs 
after the acute episode, the blood picssurc was not obt unable in. the hgs and tlicj were cold 
and mottled blue red in coloi No niton il pulsations were piesent A phlebotonn of 300 ce 
w is earned out, following which warmth grulualh nturned to the legs, and the blood pressure 
was then recorded as 100/140 mm Hg in 1 oth lower extremities 

The p it it fit was transferred to Svracu-e Unneisiti Hospital on Julj 36, 2948, for 
further study The patient was semiconscious and exhibited Cliejno Stokes i 4 f The 
blood pressure was 233/130 mm Hg in both legs Pertinent plivsical finl 
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widening and elongation of the aortic shadow. No localized aneurysm was noted. The 
patient was fluoroscoped also and the final impression was that the aorta was arterio¬ 
sclerotic, but because of the rapid increase in size, the possibility of dissection was sug¬ 
gested. 

On Feb. 1, 1955, approximately seven and one-half months after onset of symptoms, 
the patient entered Syracuse General Hospital. During the previous month his dyspnea 
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pig s. _Case 3. Intimal aortic surface showing the two clot-filled intimal defects. The trans¬ 

verse laceration to the right of the distal defect is an artefact. 



Pig. 9 ._Case 3 Active intimal fibroblastic growth occurring about the proximal defect and 

extending into the blood clot. (X95.) 
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widening- and elongation of the aortic shadow. No localized aneurysm was noted. The 
patient was iluoroseoped also and the final impression was that the aorta was arterio¬ 
sclerotic, but because of the rapid increase in size, the possibility of dissection was sug¬ 
gested. 

On Feb. 1, 1955, approximately seven and one-half months after onset of symptoms, 
the patient entered Syracuse General Hospital. During the previous month his dyspnea 



Fig. g. —Case 3. Intimal aortic surface showing the two clot-fllleil intimal defects. The trans¬ 
verse laceration to the right of the distal defect is an artefact. 



Fig. 9.—Case 3. Active intimal fibroblastic growth occurring about the proximal defect and 

extending into the blood clot. (X95.) 
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were nuninml irtcnovenous miking, old white exudate m the right fundus, cardiac enlarge 
inent, and a svstolic murmur along either aide of the upper thoracic spine The red blood 
md white blood cell counts were unchanged from the previous exunnmtion An clcctroc irdio 
gram disclosed left axis deviation, horizontal position of the hcait, and digitalis effect 
Roentgenogram of the chest showed left ventrical ir uilargcment, enlargement of the arch 
of the aorta with inert i**cd tortuomtv The colloidal gold test on the spinal fluid was nega 
tivc During his hospital stnv the jatunt recentd uninophvlline, [enicilhn, p iratdclivde, and 
a low «odiuin diet On this regime tin blood pressure in the arms dropped to 180/110 nun Hg 
while the blood pn'•sure m the legs run lined at about 170/110 nun Jig The patient was 
di«charg<d on lulv 10, 1<M S, with a tentative diagnosis of nnlignant hvpcrtcnsion possible 
dissecting aortic nmunmn, and jossihlc pcrinrteriti* nolo<i The patient died suddenly 
a few hours following div<h irgc 

At lutofsv, the Mgmfiumt findings included a left hemothonx, ltiloctasis of the left 
lung, patehv ire is of imo ardial fibrosis, ihronic passive congestion of the liver and spleen, 
nml arteriolar nephrosclerosis I he heart showed li ft ventricular hvpcrtrophj, the left \en 
tnele measuring 2 cm, and the right nuasuring 0 (> cm m thickness Inspection of the interior 
of tho aorta disclosed an mfinm! toir located just di«t i! to the origin of the left subclavian 
nrtcrv llus toir led into m intramural aortic dissection winch extended po«Uroinfcriorlj to 
end at i point just below the origin of the rcnil artem* This seeondarv channel was filled 
with clotted blood which everted a mrrowing effect upon tlu true lortic lumen No point of 
ri nitrv into tlu trui lumen was found The nml arkne*, left subclavun left common 
carotid, ctluu ixi*., and imsenterie arteries were not compromised bv this dis cction There w u s 
an irregulir tear on the idvcntitinl surface of the incur} mu which mcisurel 3 cm in 
diameter nnd which was the point at which the dissection had ruptured nfj the left 
hemothorax—there being about *1,000 c e of blood in this space 

Microscopic examination of the sections from the aorta showed severe o'l t medio 
necrosis at all levels and modirntclv severe atherosclerosis throughout Tic lissoction 
lad occurred at the junction of the middle ml outer thirds of the medial c t if muni 
hematoma presented tin imorphous eosinophilic ajpearame duo to the total autohsis of 
the red blood cells Reparative activitv was marled about the s t tc of tie mtimal nature 
(Iig 10) The fibroblasts in this area were swollen contained pale vesicular nuclei, nnd 
showed no tendenev toward an orderlv orientation It is of interest that this nevvh form 
ing mtimal and subintunal tissue contained main new capillaries a most unusual observa 
tion in our experience I urthermore, it h is been demonstrated that the cxpenmentallv 
induce 1 triunmtie tvps of lesion within the rabbit aorta show no new capillaries during the 

phase of mtimit md nil intim il regenor ition o Organ i/at ion of the mtrimural hematoma 

from the outi r surface of tin vessel was, liowevcr, char ictcrizcd bj abundant unounts 
of tvpical granulation tissue (Jig 13) In addition to tlu nowlj forme 1 fil rol lasts and 
I loo l capillaries, there wire 1 irgc numbers of macrophages containing phigoejfized iron 
mil rare inultmuileated gi mt <ells 

Cvse 5 —V L (A53 220), nil 80 ji u oil white woman, entered ^ntusc General Dos 
I ital on Nov 21, 1947, with a chief complaint of the sudden onset of severe left chest pain 
that penetrated to the bach and radiated to the left shoulder I’hvsical examination dis 
closed the blood pressure to be 200/110 mm Hg and there was a weak, fast, irregular 

pulse There were dullness and absent breath sounds over the base of the left lung with 

hvperresonancc in the remainder of tic lung A few moist basilar riles were noted in 
the right lung I he heart was cnlniged and mitral and aortic murmurs were described 
3ho abdominal examination was negative Roentgenograms of the chest were interpreted 
as being consistent with a pulinonarj infarction in the loft lower lobe The patient was 
discharged improved 

She re entered Svracusc General Hospital on Oct 25, 1953, with complaints primarily 
related to the gastrointestinal svstem Belching, flatulence, and djsplmgia of several 
Jears' duration were present No lustorj of weight loss, diarrhea, or melena was obtained 
The blood pressure at this time was 220/110 mm Hg Moist basilar riles and dullness 
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ucro minimal arid tovenous nicking, old white exudate in the right fundus, cardiac enlarge 
went, and a systolic murmur along either aide of the upper thoracic spine. The red blood 
and white blood cell counts were unclungcd from the previous examination. An eleetrocardio 
gram disclosed left axis deviation, horizontal position of the heart, and digitalis effect. 
Roentgenogram of the cheat showed left ventnculir enlargement, enlargement of the arch 
of tho aorta with increased tortuo«it\. The colloidal gold tist on the spinal Huid was nega¬ 
tive. During his hospital stay tho patient received nininophj lime, penicillin, paraldehyde, and 
a low sodium diet. On this regime the blood pressure in the arms dropped to ISO/ilO mm Hg 
while the blood pressure m the kgs remained at about 170/130 nun. Hg. The patient was 
discharged on July JO, 11)IS, with a tentative diagnosis of malignant hypertension, possible 
dissecting aortic aneurysm, and possible periarteritis nodosa The patient died suddenly 
a few hours follow mg discharge. 

At autopsy, the significant findings included a left hemothorix, itoleetasis of the left 
lung, pitchy areas of myocirditl filiroMs, chronic passive congestion of the liver and spleen, 
and arteriolar nephrosclerosis The heart showed left ventricular hypertrophy, the left ven 
triclc measuring 2 cm, and the right measuring 0.0 cm. in thickness. Inspection of tho interior 
of the aorta disclosed an iutimal tear located just distal to the origin of the left subclavian 
arteryx This tear led into an lutramural aortic dissection which extended posteroinfcnorly to 
end at a point just below the origin of tho renal arteries This secondary channel was filled 
with clotted blood winch exerted a narrowing effect upon the true aortic lumen. No point of 
reentry into the true lumen was found. The renal arteries, left subclavian, left common 
carotid, celiac axis, and mesenteric arteries were not compromised by this dissection There was 
an irregulir tar on tho adventitnl surface of the aneurysm which mcisurel J cm in 
diameter and winch was the point at which tho dissection had ruptured nij the left 
hemothorax—there being about J,0(J0 c c. of blood in this space 

Microscopic examination of the sections from the aorta showed severe ev«tn medio 
necrosis at all levels and moderately severe atherosclerosis throughout The dissection 
had occurred at tho junction of the middle and outer thirds of the medial cr> it J h" muni 
hematoma presented an amorphous eosinophilic appearance duo to tho total autoH'us of 
the red blood colls Jtepirutivc activity w is marked about the site of the mtimal rupture 
(Fig. 10). The fibroblasts in this area were swollen, contained pale vesicular nuclei, and 
showed no tendency toward an orderly orientation. It is of interest that this newly form 
iug mtimal and subintiinnl tissue contained many now capillaries, a most unusual observa 
tion in our experience. Furthermore, it has been demonstrated that the experimentally 
induced traumatic types of lesion within tho rabbit aorta show no new capillaries during tho 
phase of mtiinul and subuitiiii.il regeneration.** Orgmi/ation of the iutriinur.il hematoma 
from the outer surface of tho vessel was, however, characterized by ibund.int amounts 
of typical granulation tissue (Fig, 11). In lddition to the newly formed fibroblasts and 
blood capillaries, there were large numbers of macrophages containing phugoiytizcd iron 
and nro multmuclouted giant eclls. 

Case a.—V. K. (AM 229), an 80 year old white woman, entered Sync use General Hos 
pital on Nov. 21, 1947, with a chief complaint of the sudden onset of severe left chest pain 
that penetrated to tho back and radiated to tho left shoulder. Physical examination dis 
closed tho blood pressure to bo 200/110 mm Hg and there was a weak, fast, irregular 
pulse. There were dullness and absent breath sounds over the base of the left lung with 
byperresonanco in the remainder of the lung. A few moist basilar rales were noted in 
tho right lung. The heart was enlarged and mitral and aortic murmurs were described. 
Tho abdominal examination was negative. Roentgenograms of the chest were interpreted 
as being consistent with a pulmonary infarction in the loft lower lobe. The patient was 
discharged, unproved 

She re entered Sy racu'-e General Hospit il on Oct. 23, 1953, w ith complaints primarily 
related to the gastrointestinal system. Bclclung, flatulence, and dysphagia of several 
years’ duration were present. No history' of weight loss, diarrhea, or melena was obtained. 
The blood pressure at this thno was 220/110 mm. Hg. Moist basilar rales and dullness 
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IMicroicopie studs of the iiortn disclosed sescrc atherosclerosis along its cntin, 
length and considerable medinl calcification sins also present Csstic medionccrosis sins 
ncicr prominent, onls rnro minute foci being obsoritd The mnjor portion of the blood 
clot lutlun both ‘•econdnrx channels had been concerted into a liinlinucd connoettio tissue 
mth considerable calcification. Until of the scroll da n lumens uere lined bj dense 
n\ nsculnr conncctnc tissue nnd iiell defined endothelinl cells (Fig 12). With the ll«e of 
VerhoclT’s technique, leri feu elastic filirils uere demonstrable It lias apparent that tho 
cleat age site in these old dissections had occurred rough!i at the pitii tion of the outer 
and middle thirds of the media The \nsa insormu showed no change judged to be of 
significance 

nthCtJSStON- 

A lesiesv of the liteiature suggests that most of 1 he clinical and patho¬ 
logic infoiillation concerning healed dissecting nnentjsms is to he found in 
studies of icpoits of isolated cases 0 ' 10 10 Vety feu teviews of a Inigo seties 
of cases ate mailable. The most eomptehensiie study of the chionic-typo 
cases was untried out by Xhonnan 20 who collected 71) examples of healed aoitie 
aneurysm ftom the litei.ituic. Suniv.il fot petiods longer than one year was 
recorded in 1G of tliese cases Shonnnn ]ioints out that ic-entiy of the dis¬ 
section into the otiginal lumen is a picicquisitc fot sunival When it did 
not ocelli, !)G pci cent of the patients died within the weeks, wheioas, when 
circulation was te-estahlished in this way only 28 per cent died within the 
first five weeks Shell nan’s statistics also show that if the patient sttt vises 
for mote titan fisc weeks, te-entry has taken place in 1)0 pet cent (fifi of 71 
<ases) No pointed out that ic-entiy into the original lumen is patticulaily 
liable to occut when tile dissection teaches some obstinotion, due to inctensed 
pressute within the anouiystnal sac The most common cause of death, in 
Shuman’s soiits of ohionic dissecting aneurisms, was Iteatf failme, followed 
next frequent)} bj hemorthage ftom the anemysm and cerelwal hemorrhage 
While the pathogenesis of the eatdiae failute is not always clear, it has 
occulted to us that eatdiae failute may often tome about in a mantlet com¬ 
parable to that associated with eoaictntinn of the aoita, the intiamuial liemoi- 
thage pioducing ixtieme nattowing of the otiginal aoitie lumen Case 3 in 
our series mas lilustiate tliis type of failute since it was possible to get only 
the tip of the little finger into the original aoitie lumen The heait weighed 
715 Gin and tin tciimtial ldood piessuic in this patient was 180/130 mm Ng 
Left sciifiieulai hspeifjophy ssas iceoided in G5 out of 79 patients of Rhen¬ 
ium’x with In ah d am ms sms and he aseiibed this as due either to inci eased 
wotk placed on tin left suitijcle by the new channel or due to coinptcssion 
of the oiiginal liinnn lij the ness sac Lcsinson and his colleagues,”’ in their 
study of 58 rasis of dissecting aneuissm, recotded 15 patients who smsised 
pciipds of fioiii tlmi months to eight vents They point out that this latge 
number of I.isis in the chionic gioup is a mote cm (imaging finding than 
Weiss 2 ’ had m>ti d m an tailiei stud.s Weiss stated that healing oeumed in 
ahont 10 jiet mil of all patients with dissecting aneurysm, chiefly by means 
of ie-enlis of tin falsi passage into the tine lumen at a losset lesel. I"'* 

Considerable tsiebnee (xists to indicate that the ante-mortem eliagn 
of dissectin'' nnemjsm is being made svith increased fteepiency. 22 ..While . 
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■were present posteriorly over both lungs. Cardiac enlargement, aortic and mitral systolic 
murmurs were noted. The liver edge was stated to be 4 inches below the right costal 
margin in the midclavicular line. Weakness of the left leg and weak, thready pulses were 
present in both lower extremities. Laboratory data disclosed the hematocrit to be 21 per 
cent; the red blood cell count 2.2 million per cubic millimeter; white blood cell count 19,500 
per e.mm., with 86 per cent polymorphonuclear leukocytes, and 14 per cent lymphocytes. 
Microcytosis was prominent in the smear. The urine examination was negative except for 
a 2+ albumin. The patient died on Oct. 26, 1953, after a stead}’ downhill course. 



Fig. 12.—Case 5. Secondary channel showing the dense connective tissue lining. (XG5.) 


At autopsy the following findings were noted: adenocarcinoma of the stomach with 
metastasis to the liver, adenocarcinoma of the cecum arising in a sessile adenomatous 
polyp, pulmonary edema, and chronic pericarditis. The heart weighed 345 Gm. and showed 
no valvular abnormalities. Inspection of the interior of the aorta disclosed a transverse 
slit-like opening along the medial aspect of the midtlioracic descending aorta. This open¬ 
ing led into a cavity within the aortic wall which was filled with cartilaginous-like material 
and extended 3 cm. superiorly and 3 cm. inferiorlv. 2STo other opening into this dissection 
was found. The greatest diameter of this aortic intramural mass was 1.5 cm. Inferiorlv, 
just proximal to the diaphragm, a second intinial defect and intramural dissection was 
noted. This was also filled with cartilaginous-like material, was located on the medial 
wall, and measured 1.5 cm. in diameter and 7 cm. in length. The intinial slit-shaped de¬ 
fect was located approximately in the midportion of the dissection. Although these two 
intramural healed dissections were separated from each other by a distance of 1 to 2 cm., 
it is our impression that they were at one time contiguous and subsequently the channel 
became obliterated in much the same fashion as in Case 1 of the present series. 
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false passage below In instances in Minch the lesion Mas mcII localized at 01 
below the left subclavinn aitcij, they combined this pioccdmc with excision 
of the segment involved in the ongin of the dissection, followed bj end-to-end 
anastomosis 01 mscition of an am tic homogiaft Two impoitant points 
stiesscd In these autliois weie contiol of hvpoituision, both dunng and fol 
lowing suigciy, and the necessity of eail} uihivention. in the acute cases 

SUWW \K\ 

The cluneal and pathologic chaiacteiistics of 5 fatal cases of chionic 
(healed) dissecting aneiujsms have been desenbed Survival time in these 
patients langed from si\tj-tlnee dajs to sc\einl voais, and the pathologic 
changes varied from impelfcctl.v oigani/ed mtiannual hematomata to seeond- 
.irj endothelial lined channels (double bauel noilas) with abundant clastifica- 
tion and pionouncod mtimal and submtimal piolifciatne changes A suivcj 
of the diagnostic mensuus and the suigical pnnciplos which have been utilized 
m cases of dissedmg am 1113 sms has been pic suited 
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history ancl physical examination are of great importance, their value may 
often be restricted due to the condition of the patient. The story of excruciat¬ 
ing epigastric or precordial pain associated with atypical patterns of radia¬ 
tion is strongly suggestive of dissection. Clinical evidence of shock in the 
presence of sustained hypertension is usually present. Paresthesias and 
alterations in the circulation of the extremities are not uncommon. Accord¬ 
ing to Levinson 16 there is no specific electrocardiographic pattern in dissecting 
aneurysm, absence of electrocardiographic changes of myocardial infarction 
tending to support the diagnosis of aortic dissection in equivocal cases. The 
most useful diagnostic aid appears to be roentgenographic examination of the 
thorax. Intimal calcification makes measurement of the thickness of the 
aortic wall possible. Lodwiclc 23 states that the wall normally measures 2 to 3 
min, in thickness and that, while increases up to 1 cm. are suggestive, widen¬ 
ing over 1 cm. is diagnostic of an intramural aortic hematoma. In the absence 
of intimal calcification, it is impossible to measure directly the thickness of 
the Avail and the diagnosis becomes much more difficult. A widened aortic 
shadow may be due to elongation and stretching associated Avith arterio¬ 
sclerosis alone, and a left-anterior oblique or right-posterior oblique view 
demonstrates this best according to Levene and co-Avorkers. 24 Diffusely fusi¬ 
form syphilitic aneurysms may also be confused Avith dissecting aneurysms on 
a roentgenologic basis. The margin of this type of aneurysm forms a gentle 
curve Avhile in dissecting aneurysm, although the involved portion of the 
aorta is Avidened, it is of such a nature as to produce a straightening of the 
aortic curve in the involved segment. This straightened Avail shows numerous 
irregularities, as in Case 3, due to larger collections of intramural blood clots 
at these sites (Fig. 7). The Avidened segment SAvings back to the mediastinum 
at an angle, and not in a curve as Avith the syphilitic aneurysm. 

There is considerable eAddence of reneAved interest in the subject of dis¬ 
secting aneurysm in vieAv of the great progress of cardiovascular surgery in 
recent years. Surgery has been carried out in both the acute and chronic 
varieties of dissecting aneurysm and there is reason to believe it may have 
a A’ery real role in the treatment of a condition previously considered to be 
hopeless. The single cases of surgical intervention reported by Gurin and 
collaborators, 1 Johns, 3 and by Shaw, 3 Avere all folloAved by death from renal 
insufficiency Avithin the first ten days after surgery. Recently, hoAvever, De- 
Bakey and his colleagues 4 have reported a series of 6 patients Avho Avere 
surgically treated, Avith only 2 fatalities. The duration of the dissection in 
this series of cases ranged from tAvo days to thirteen months. The rationale of 
the surgical procedures proposed by DeBakey and his co-Avorkers is based 
upon the principle that re-entry of the dissected passage at some distal point 
in the aorta permits restoration of peripheral circulation and removes the 
increasing tension upon the outer Avail Avliich predisposes to rupture. Several 
surgical approaches utilizing similar principles Avere employed. In those 
cases in AAdiich the dissection began in the ascending or descending arch, a 
re-entry passage Avas created into the aortic lumen Avith obliteration of the 



PNEUMOPERITONEUM AS A SPACE-OCCUPYING PROCEDURE IN 
CONJUNCTION WITH PULMONARY RESECTION 
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and Lawrence H, Strug, 31.1). 

New Orleans, La. 

T HE place ot lobectomy and segmental resection in the treatment of pul¬ 
monary tuberculosis is now clearly established. 1 Techniques of these pro¬ 
cedures have been well delineated, but the problem of dealing with the resid¬ 
ual space resulting from removal of pulmonary tissue lias not been satisfac¬ 
torily solved. The need for a space-filling procedure to precede, accompany, 
or follow pulmonary resection lias concerned itself chiefly with three issues; 
namely, (1) conservation of pulmonary function, (2) elimination of dead 
space and ensuing complications resulting from failure of remaining lobes 
to overdistond and completely fill the hoinitliorax, and (3) prevention of reac¬ 
tivation of residual tuberculous foci. 

Tho original idea that simple pulmonary overdistention resulted in a loss 
of function comparable to that produced by diffuse obstructive emphysema 
has now been largely discarded. On the basis of physiologic studies by Gaen- 
sler and Striedcr, 2 and others, 3 ' 4 it has been established that postresection 
overdistention actually costs little in terms of impaired function of the re¬ 
maining pulmonary tissue. From this standpoint alone, therefore, a space- 
occupying procedure hardly appears to be necessary. In fact, the commonly 
employed postresection thoracoplasty will usually decrease, rather than pre¬ 
serve pulmonary function,=• 3 by partially collapsing the remaining lung tis¬ 
sue and impairing costal motion. 

On tho basis of these findings, a steady trend away from the use of space- 
occupying procedures has developed, with their selected employment only 
when full inflation of the remaining lung fails to occur and obliteration of 
dead space becomes a necessity. Chamberlain and co-workers 3 have stressed 
the importance of rapid elimination of all residual pleural space as a basic 
surgical principle if infection is to be avoided, and have stated” that “oblitera¬ 
tion of the pleural dead space by complete and immediate re-expansion is the 
most important single factor in the postoperative management.” They have in¬ 
dicated” that delayed or incomplete re-expansion will be encountered in about 
G per cent of the patients undergoing segmental resection, while Goldman and 
his colleagues 1 have seen this complication in 17 per cent of their patients. 

From the Tuberculosis Service anrl the Thoracic Surgery Service, Veterans Administration 
Hospital, New Orleans, La, and the Department of Medicine, Tulane University of Louisiana 
Received for publication Jan 3, 1956. 
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Fig 1— A, Chest film taken four days prior to right upper lobectomy, showing model ate 
degree of pneumoperitoneum B, Chest film taken on fourth postoperative day. Note complete 
redistribution of air beneath the right diaphragm producing selective elevation. 
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If a lobectomy or a lobectomy and resection of a superior segment is car- 
ried out, the remaining pulmonary tissue will fail to fill completely the hemi- 
thorax in an even greater number of eases. 

'When dead space persists, it is usually obliterated by employment of a 
modified thoracoplasty or some type of plombage procedure, thus requiring a 
second major operation. It seems logical that the incidence of residual post¬ 
resection dead space might be decreased by a procedure which automatically 
reduces the total volume of the hemithorax before and during surgery and 
thus diminishes the space which the remaining pulmonary tissue must fill. If 
this can be accomplished without resort to multiple operations, it would appear 
even more desirable. As will be pointed out in subsequent discussion, artificial 
pneumoperitoneum seems to serve this purpose well. 

The question as to whether or not there is a significant risk of reactivation 
of residual disease in portions of lung which are subjected to sudden stretch¬ 
ing, as the remaining pulmonary tissue is required to overdistend in an at¬ 
tempt to fill the chest, is still a controversial matter. Under the protection of 
specific tuberculostatic drugs the incidence of reactivated tuberculosis does 
not appear to be influenced by postresection hyperinflation, 3 and yet overdisten¬ 
tion is the exact opposite of the relaxation of lung tissue produced by various 
collapse procedures long accepted as beneficial in promoting healing of tuber¬ 
culous lesions. In any event, until further information is at hand, it would 
appear wise not to brush this question aside and place sole dependence on anti¬ 
microbial therapy to prevent the disaster of reactivated disease when an addi¬ 
tional measure is available that will reduce the risk to a minimum. 

The readiness with which space-filling procedures have fallen into disuse, 
in spite of the risks involved, is indicative that those which have been usually 
employed are each associated with significant disadvantages. “Partial” or 
“tailoring” thoracoplasty has the obvious disadvantages of producing deform¬ 
ity, extending the duration of the operative procedure, or requiring a second 
operation and reducing pulmonary function for reasons already stated. 

Phrenic crush decreases pulmonary function by producing diaphragmatic 
paralysis and thus contributes to the development of postoperative complica¬ 
tions. 

Various plombage procedures avoid the production of thoracic deformity 
and probably do not cause significant further reduction of function, but re¬ 
quire additional major surgery and are associated with important complica¬ 
tions including fluid formation, hemorrhage, and infection. 

The value of pneumoperitoneum as a space-occupying procedure in con¬ 
junction with pulmonary resection appears to have been largely overlooked. 
Although, Bickford and co-workers, 8 in 1951, advocated the employment of 
pneumoperitoneum in this way, they combined it with phrenic crush, thus add¬ 
ing the disadvantages of reduced pulmonary function and increased suscepti¬ 
bility to postoperative atelectasis. Perhaps for this reason the procedure has 
never attained widespread usage. Our attention was first focused on this sub¬ 
ject by observing patients in whom pneumoperitoneum had been established 
as a therapeutic measure and resection carried out later. We were intrigued 
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A total o£ tv\ elve cases of lobectomy or lobectomy plus segmental resec¬ 
tion has been managed in this fashion, and one of us (L II S) has had addi¬ 
tional expencnce with the pioccduie at anothet hospital In this senes, 
pneumopeiiloneum lias given excellent icsults In onl} I case did the leinain 
mg lung fail to fill the licnnthoiax piomptlv and complete]} This patient 
developed a lathci intense postopciative pleuial icnction and a small apical 
ail space persisted foi slight!} moit than two weeks befoie complete re expan 
sion was attained No complications nttiibutnblc to pneumoperitoneum have 
been seen, not has tlieie been am evidence of reactivation of residual disease 
Significant complications wcie eneounteied in onlv 1 patient who developed 
postoperative atelectasis followed bv a bionchoplcutal fistula and empyema 
Another patient exhibited ti.insicnt segmental atclei tasis which resolved spon¬ 
taneous!} The inannci in whiih the mti.ipeiitoneal an ledistnbutes itself 
following smgeiv and piodtu.es the exact desned result is eleail} lllustiatcd 
in the accompaii}ing lllusti ations (Figs 1 and 2) 

In an attempt to set up a companion foi the gionp just discussed, the 
last 12 patients having lobcctonn 01 segmental lcseetion foi pulmonary 
tubeiculosis peifoimcd at this hospital, in which ncithei accompanying tho 
1 neoplasty not concomitant pnutmopcutoncum was emplo}ed, were reviewed 
Five of these patients had dcla}eil ic expansion of the lemaimng pulmonary 
tissue, which in two instances loquucd rcinseition ot chest tubes and leappli 
cation of suction In an additional patient, ic expansion was peimanently m 
complete and thoracoplasty was lcqimcd One patient developed early ic 
activation of tubeiculosis TIuec patients developed significant postoperative 
atelectasis, and foui bionthoplcuial fistulas weic seen Onl} 3 of the 12 pa¬ 
tients were complete^ fiec of complications, although a satisfactory result 
was eventually attained in all cases It seems noteworthy that 1 of the pa 
tients just mentioned, with pioviousl} induced therapeutic pneumoperitoneum, 
had this procedutc deliberatclv discontinued at the time of surgei} by with 
drawal of an fiom the abdominal cavity Intelestingl} enough, this patient 
developed atelectasis and incomplete re expansion of the remaining pulmonary 
tissue 

While these two senes me adnuttedh small, the striking diffeience in le 
suits appears to be significant and eeitnml} justifies continued use of pneumo 
pel itoneum m this fashion 

An alternate method of emplojmg pneumoperitoneum as a space oceupj 
mg procedure on a moie selective basis might he more appealing to some pliysi 
cians If, at the time of surgciy, opeiative findings seem to indicate that the 
lemammg lung tissue will not readily overdistend and completely fill the hemi 
thoiax, a pnemnopei itoneum can be induced immediately or during the early 
postopciative penod, thus utilizing the pioccduie onl} m selected patients 
Pneiimopeiitoiieum can he induced at the time of suigery by introducing a 
needle through the diaphiagm fiom within the open chest cavity This 
method, howevei, is mentioned only to condemn it The danger of inj'ury to 
the liver and air embolism appeals to be so great that we feel this technique 
should nevei be used A somewhat safei method involves a stab wound of 
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by the manner in which the air distributed itself selectively beneath the dia¬ 
phragm on the operative side and reduced the size of the hemithorax. Pneu¬ 
moperitoneum was thus found to function very efficiently as a space-filling 
procedure and presented obvious advantages. It produces no deformity, does 
not require additional surgery, is not associated with significant complications, 
causes no important reduction of pulmonary function, usually produces selec¬ 
tive elevation of the diaphragm on the operative side, is a completely reversi¬ 
ble procedure, and allows gradual subsequent relaxation of the remaining 
lung. 



- lg . ic—Chest film taken eleven months after lobectomy The right diaphragm icmains 
elevated but functions yell True o\erdistention of the right lung has never occuired 

Recently, it has been our practice to employ pneumoperitoneum in con¬ 
junction with some types of pulmonary resection as a routine procedure. 
When it has been decided that a patient is to undergo a lobectomy or resec¬ 
tion of multiple segments, pneumoperitoneum is induced (usually about one 
nonth prior to surgery) and a moderate elevation of the diaphragms is pro- 
luced during the course of four to six refills. Following surgery, pneumo¬ 
peritoneum is maintained for about two months, the first refill being given ten 
to fourteen days following the operation and weekly thereafter. 
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the diaphragm with the insertion of .1 small catheter, introduction of air be¬ 
neath tho diaphragm, and subsequent closure of the diaphragmatic opening 
by means of a purse-string suture. In spite of the advantage of selectivity 
offered by these methods, \vc do not favor introduction of pneumoperitoneum 
at the time of surgery or during the immediate postoperative period. AVe 
prefer the procedure now in use since it allows proper evaluation of the pa¬ 
tient’s tolerance of pneumoperitoneum and the benefits to be expected before 
surgery is carried out. 



Pis 2C.—Chest aim t:ikun eleton month'* nfter lobectorm A pleuiofllaphragiiratic arlheilon 
remains but the diaphragm functions well 

Some of our associates have objected to tiie use of pneumoperitoneum, in 
this maimer, with claims that the presence of air in tiie peritoneal cavity and 
associated elevation of the diaphragms renders surgery technically more dif¬ 
ficult and contributes to prolonged and iriegulnr anesthesia. AVe can only 
state that our experiences have failed thus far to confirm these objections 
in a single instance. 

summary 

1. The value of lobectomy and segmental resection in the treatment of 
tuberculosis lias been clearly established, but the problem of dealing with the 
residual space resulting from removal of pulmonary tissue continues to tax the 
ingenuity of the thoracic surgeon. 
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, , „„ tl ,„ f i„ v nrior to left upper lobectomy showing moderate 

* f t ^umo?e?ftonXi I" Chest film taken on seventh postoperative day. Note selec- 

v^elevaUon of left diaphragm. 
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Uio diaphragm with the insertion of a small catheter, introduction of air be¬ 
neath tho diaphragm, ami subsequent closure of the diaphragmatic opening 
|iy means of a purse-string Mtlnre. In spite of the advantage of selectivity 
offered by these methods, we do not favor introduction of pneumoperitoneum 
at the time of surgery or during the immediate postoperative period, \\ e 
prefer the procedure now in use since it allows proper evaluation of the pa¬ 
tient’s tolerance of pneumoperitoneum and the benefits to lie expected before 
surgery is carried out. 
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LEIOMYOMA OP TRACHEA 
Casf Rrpour 


Alm n E GitrEit, ME, and Gforcl L Wis'.v, M D 
Okuhomi Cm, Oklv 

P RIMARY benign endotiachctil tumois aic late neoplasms The successful 
treatment of a patient with a lciomjoma of the distal ttachci which lnd 
masquci tided as hi onehial asthma fot tlnee jcais is of sufficient mteust to 
u an ant the icpoit of a single case 

A search of the liteiatuie icscalcd fen cndotiacheal 01 uidobiouclu il 
tumois of smooth muscle oiigin Langston,’ in a eollcctiie iciieiv of i I 
luoncbial tumois, lepoited two such neoplasms m the Am i Tiistitutc of 
Pathologj Ungci" 3 tepoitod a tumoi of the tiachen uliuh n is classified as 
a leiomjomn This was rcmoied localli on seictal > < lsions Ijj Di Jeiome 
Head and later icsected with the uppet lobe A | 1 istic rcconstiaction was 
peiformcd bj sutunng the bionclms liitemo dius to tin tiaclica Di Head 
Ins also peiformcd a pncmnoncctoim on another patient upon whom a lowei 
lohe lobectomi had been perfoimed foi a papillnrj lciomjoma This had 
extended aftci the initial smgen and necessitated complete remoial of the 
lung Following this piocedm. theic was tiachesl imohement with eventual 
death Horn suffocation A lcwew of tiachcal tumors bj Gilbeit and his 
colleagues 3 lepoited onlj two leionnonns of the tiac ten nose an emu 
ear reported a ease of mtrab. oncl.nl lciomjoma found at autopsj thc> . e 
newed the literature and found onlj two int.ahronehnl tumoisof this typo 

mu ... - 

i ' 1 " 3 " c, ° "'f 3 ? Lf CO 1'oikcrs' t""ri"<] out Hie difficult} in pathologic 
Iciomjomns Sweet and esophagus and the verification of such 

classification of leioirn onias o ,lifficultv m pathologic diagnosis is 

tumois icpoited in the liteiatuie 
well known 

CV =F KErORT 

ltcd to St Anthony Hospital for treatment in 
A white man, aged 50, "'Yn', ltd lit »»''l « { a Mta 

December, 1051 Tho history revealed 1 a( ] ml .t-ion About three ' cars after on'et, the 
a C a severe common cold six 'ears t here was the appe-r ( »a 

tough became productive of mucoid jn that lt was paroxysmal, V>t 

Hie latter seemed rather tvpical ot ^ was expectoration of thick, to 
light, and was relieved by s,t ' ,n!? br inhalation and injection 
! tutum He was treated with a r?n / ^' L- v ^ ;;0Dj I,e ' *°rv 

One and one half months pn t ' , m of 

finer, increased ch^P 11611 * c0U ^ 

Itecelved for publico 110 " ’ 
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2. None of the commonly employed space-filling procedures have proved 
to be fully satisfactory, since each is associated with significant disadvantages. 

3. Pneumoperitoneum appears to function very efficiently in this respect, 
but its value seems to have been largely overlooked. When compared to other 
types of space-filling methods such as thoracoplasty, plombage operations, 
and phrenic crush, the advantages of pneumoperitoneum become obvious. It 
produces no deformity, does not require additional surgery, is not associated 
with significant complications, causes no important reduction of pulmonary 
function, usually produces selective elevation of the diaphragm on the side 
operated upon, is a completely reversible procedure, and allows gradual subse¬ 
quent relaxation of the remaining lung. 

4. Although the present series is small, early favorable results certainly 
justify continued use of pneumoperitoneum for this purpose. 
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a fair response to antibiotic therapy, epinephrine, oxygen, and ACTII therapy. Ho was 
referred by his local physician, because !t was felt there was a suppurative process or 
some other pathologic condition underlying the asthma. 

The past history rcNealed that he hnd had a bronchogram made three years prior to 
the admission and it was said to hu\e shown some bronchiectasis of the right lower lobe 
(Pig. 1). A review of these bronchognuns showed the tumor well demonstrated; however, 
these were not obtained until after treatment hud been carried out. 

Bxnmination of the patient revealed moderate respiratory distress both inspiratory 
and expiratory, but chiefly the latter. Pry sibilant rules wore heard bilaterally without 
any localising signs. There was much mucoid sputum raised which seemed to give 
temporary relief. 

Roentgenograms of the chest and fluoroscopy revealed the lung markings to bo in¬ 
creased in tho right base posteriorly, and some thickening of the right liilum with 
apparent pulsation upon fluoroscopy’ which was thought to be the pulmonary artery. In 
spiration and expiration films w’ere of no aid (Fig. 2). 



Fir. 3—Photomicrograph demonstrates the well-differentiated smooth muscle cells ar¬ 
ranged In bundles with a whirled appearance Some of the nuclei appear large, but no mitotic 
figures were seen 

The patient responded to epinephrine, sedation, oxygen, potassium iodide, and intra¬ 
venous glucose therapy, and was discharged to be followed by the allergist. He failed to 
continue to do well on these measures, however. There were repeated milder attacks of 
dyspnea, and tho cough persisted even when there was no dyspnea. He was admitted 
again to the hospital on Jan. G, 1953. 

Bronchoscopy’ revealed a pink, smooth, slightly' lobulated tumor in the distal trachea, 
almost occluding the entire lumen at the bifurcation. There was only a small air passage 
to both main-stem bronchi anterior to the tumor. The biopsy was reported as demon 
strating a benign tumor. Piecemeal removal of the tumor was attempted through the 
bronchoscope, and about one third of the tumor was removed in this fashion. There was 
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arising in tlie trachea aie not visualized at all upon routine posteroantciior 
views, as is well demonstinted by this icpoited case. Bronchogiaphy may 
bo a valuable adjunct because the tumor mass may show readily with tins 
double contrast technique Planigrams and Bucky films aie helpful but were 
not used in this instance. 

Tieatment consists of lcmoval of the tumoi, either by endoscopic piece¬ 
meal removal or by tiachcotomy. In the leported case, the firm nature of the 
tissue precluded removal of sufficient amount to be safe, and second, because 
the rather wide base of origin ftom the mucosa was not risible due to the 
size of the tumor, it was not possible to attack this aica of oiigm directly. 
A rcscctoscope may be useful in these instances 

Bronchoscopy or tiachcotomy through the membranous portion of the 
bionchus or trachea is easily performed and was the method chosen, as 
sufficient tissue could not be removed piecemeal without dangci of a lcspira- 
tory accident In case of either benign m malignant mtiathoiacic tracheal 
tumois, where the entile thickness of the tracheal wall may be involved and 
must be lemoved, plastic lepair is possible as evidenced by successful eases 
leported by Clagctt, Slociseh and Giindlay , 5 and repair of stenotic lesions 
icported by Gcbauei 0 

SUMVIARV 

An endotiachcal leiomyoma caused symptoms suggesting asthma The 
diagnosis of tumor of the distal tiacliea was made by bionchoscopy and re¬ 
moval was peiformcd by thoiacotomy and tiachcotomy 

REFERENCES 

1 Langston, H T: Collective Review. Benign Endobronchial Tumors, Int Abst Surg 

91- 521, 1950. 

2 Unger, L The Recognition of Ron Allergic Asthma, Dis Chest 22 G71, 1952 
1 linger, L Personal communication 

4 Head, J • Personal communication 

3 Gilbert, ,T D, Mnrznrelln, L A , and Teit, L T Pnmnrj Tracheal Tumors in the 

Infant and Adult, A hi A Arch Otolarvng 58 1,1953 

6 Hiroso, r hi, and Honmgnr, G R Intrabronchinl Leiomyoma, J Thoracic Sure 29. 

502, 1955 

7 Swoet, Richard H, Souttor, L, Valenzuela, C T Muscle Wall Tumors of the 1 soplia 

gus, ,T Thoracic Sure 27 IS, 1954 

8 Clagott, 0 T, Moersch, H J, and Gnndlaj, .T H Intrathoraeic Tracheal Tumors 

Development of Surgical Technics for Their Removal, Ann Surg 136 520, 1952 

9 Gebauer, Paul W • Bronchial Resection and Anastomosis, J Thoracic Surg 26: 241, 

1953 



240 


GEEEE AND WINN 


J. Thoracic Surg. 
February, 1957 


moderate bleeding with this manipulation, and more could not be done at this time be¬ 
cause of the firm nature of the tumor. However, an airway was established along the 
left side, and it was then evident that the tumor arose from the membranous portion of 
the trachea in an area about 1.5 cm. in diameter. 

About fourteen hours later, the patient had a severe attack of dyspnea, cyanosis, 
and loss of consciousness for a few seconds. Moderate dyspnea continued, the cause of 
which was not apparent. When a bronchoscope was introduced, there appeared to be a 
larger airway present than prior to the piecemeal removal. Enough tumor had probablv 
been removed to allow the remainder to rotate upward into the trachea and thus occlude 
more airway than in its former position when confined to the bifurcation. 

A long endotracheal tube was passed into the left bronchus, and a right thoracotomy 
was performed under general anesthesia. The tumor was removed by a longitudinal in¬ 
cision in the membranous portion of the trachea and right main-stem bronchus. The mass 
was delivered and removed with the mucosa. The wall was closed with interrupted 
sutures of No. 3-0 black silk and no air leak was evident with positive pressure. The 
chest was closed in the usual fashion with two thoracotomy tubes. A tracheotomy was 
performed at the termination of the operation. 

Convalescence was uneventful, and there have been no subsequent asthmatic symp¬ 
toms. Bronchoscopy, performed three months postoperatively, revealed no abnormality of 
the trachea and no evidence of the previous surgery. He is asymptomatic three and one- 
half years following surgery. 

The tumor was comprised of well-differentiated, smooth muscle cells, arranged in 
bundles, which had a whirled appearance. Some of the nuclei were large; however, no 
mitotic figures were seen. In most areas the nuclei were separated by the fibers of the 
smooth muscles, which produced a dense rather than cellular appearance. Portions were 
covered by respiratory epithelium and there were some areas of squamous-cell metaplasia. 
A Weigert-Van Gieson stain showed most of the tissue to be stained yellow (smooth 
muscle). A few small strands of red-stained tissue were present throughout the section 
(connective tissue) (Fig. 3). 

Sections were sent to Dr. J. B. Hazard, Cleveland Clinic Foundation, Cleveland, Ohio, 
and he was in agreement with the diagnosis of leiomyoma of the trachea. 

DISCUSSION 

The symptom of cough, which preceded by two years the onset of wheez¬ 
ing and dyspnea, and persisted, despite periods of relief, pointed to the 
necessity of a diagnostic bronchoscopy. Clagett, Moersch, and Grindlay 8 have 
emphasized that recent onset of wheezing in a patient more than 40 years 
of age should not be considered to be due to bronchial asthma until the pos¬ 
sible presence of an obstructing lesion of the trachea has been excluded. The 
symptoms are dependent upon the obstructing nature of the lesion, ulcera¬ 
tion, and secondary infection. Cough is a common symptom and very often 
is dry or productive of mucoid sputum. At times the sputum is purulent due 
to secondary infection or blood streaked secondary to ulceration. Dyspnea 
and wheezing are rather constant symptoms and may be intermittent or 
constant. These two latter symptoms frequently lead to a mistaken diagnosis 
of asthma for obstructing lesions of the trachea. 

Endotracheal tumor may be evident by roentgenologic study but absolute 
diagnosis is dependent upon bronchoscopy and tissue study. Special x-rays 
such as a lateral view of the trachea or overexposed posteroanterior films 
may demonstrate an opaque lesion in the air-filled air passages. Often tumors 
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arising in the trachea arc not visualized at all upon routine posteroantcrior 
views, as is well demonstrated by this reported ease. Bronchography may 
bo a valuable adjunct because the tumor mass may show readily with this 
double contrast technique. Planigrams and Bucky films are helpful but were 
not used in this instance. 

Treatment consists of removal of the tumor, cither by endoscopic piece¬ 
meal removal or by tracheotomy. In the reported case, the firm nature of the 
tissue precluded removal of sufficient amount to be safe, and second, because 
the rather wide base of origin from the mucosa was not visible duo to the 
size of the tumor, it was not possible to attack this area of origin directly. 
A rcsectoscopo may be useful in these instances. 

Bronchoscopy or tracheotomy through the membranous portion of the 
bronchus or trachea is easily performed and was the method chosen, as 
sufficient tissue could not be removed piecemeal without danger of a respira¬ 
tory accident. In case of either benign or malignant intrathoracie tracheal 
tumors, where the entire thickness of the tracheal wall may bo involved and 
must be removed, plastic repair is possible as evidenced by successful cases 
reported by Clagctt, Jloersch and Grindlny , 8 and repair of stenotic lesions 
reported by Gcbnucr . 9 


SUMMARY 

An endotracheal leiomyoma caused symptoms suggesting asthma. The 
diagnosis of tumor of the distal trachea was made by bronchoscopy and re¬ 
moval was performed by thoracotomy and tracheotomy. 
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moderate bleeding with this manipulation, and more could not be done at this time be¬ 
cause of the firm nature of the tumor. However, an airway was established along the 
left side, and it was then evident that the tumor arose from the membranous portion of 
the traehea in an area about 1.5 cm. in diameter. 

About fourteen hours later, the patient had a severe attack of dyspnea, cyanosis, 
and loss of consciousness for a few seconds. Moderate dyspnea continued, the cause of 
which was not apparent. t\ hen a bronchoscope was introduced, there appeared to be a 
larger airway present than prior to the piecemeal removal. Enough tumor had probably 
been removed to allow the remainder to rotate upward into the trachea and thus occlude 
more airway than in its former position when confined to the bifurcation. 

A long endotracheal tube was passed into the left bronchus, and a right thoracotomy 
was performed under general anesthesia. The tumor was removed by a longitudinal in¬ 
cision in the membranous portion of the trachea and right main-stem bronchus. The mass 
was delivered and removed with the mucosa. The wall was closed with interrupted 
sutures of Ko. 3-0 black silk and no air leak was evident with positive pressure. The 
chest was closed in the usual fashion with two thoracotomy tubes. A tracheotomy was 
performed at the termination of the operation. 

Convalescence was uneventful, and there have been no subsequent asthmatic symp¬ 
toms. Bronchoscopy, performed three months postoperativelv, revealed no abnormality of 
the trachea and no evidence of the previous surgery. He is asymptomatic three and one- 
half years following surgery. 

The tumor was comprised of well-differentiated, smooth muscle cells, arranged in 
bundles, which had a whirled appearance. Some of the nuclei were large; however, no 
mitotic figures were seen. In most areas the nuclei were separated by the fibers of the 
smooth muscles, which produced a dense rather than cellular appearance. Portions were 
covered by respiratory epithelium and there were some areas of squamous-cell metaplasia. 
A "Weigert-Yan Gieson stain showed most of the tissue to be stained yellow (smooth 
muscle). A few small strands of red-stained tissue were present throughout the section 
(connective tissue) (Pig. 3). 

Sections were sent to Dr. J. B. Hazard, Cleveland Clinic Foundation, Cleveland, Ohio, 
ad he was in agreement with the diagnosis of leiomyoma of the trachea. 

DISCUSSION 

The symptom of cough, which preceded by two years the onset of wheez- 
lg and dyspnea, and persisted, despite periods of relief, pointed to the 
ecessity of a diagnostic bronchoscopy. Clagett, Moersch, and Grindlay® have 
emphasized that recent onset of wheezing in a patient more than 40 years 
of age should not be considered to be due to bronchial asthma until the pos¬ 
sible presence of an obstructing lesion of the trachea has been excluded. The 
symptoms are dependent upon the obstructing nature of the lesion, ulcera¬ 
tion, and secondary infection. Cough is a common symptom and very often 
is dry or productive of mucoid sputum. At times the sputum is purulent due 
to secondary infection or blood streaked secondary to ulceration. Dyspnea 
and wheezing are rather constant symptoms and may be intermittent or 
constant. These two latter symptoms frequently lead to a mistaken diagnosis 
of asthma for obstructing lesions of the trachea. 

Endotracheal tumor may be evident by roentgenologic study but absolute 
diagnosis is dependent upon bronchoscopy and tissue study. Special x-rays 
such as a lateral view of the trachea or overexposed posteroanterior films 
may demonstrate an opaque lesion in the air-filled air passages. Often tumors 
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at the level of the Gth thoracic vertebra; it divides into right and left branches, 
the right one supplying branches to the oesophagus. A posterior bronchial 
artery arising from tlie 1st intercostal artery is very rarely found. The 
anterior bronchial arteries arise in part from the internal mammary artery, in 
part from the descending tracheal artery. Smaller branches come from the 
pericardial arteries and make their way into the pulmonary hilus together 
with mediastinal and tracheo-oesophagcal arteries.” 

A similar description lias been given by Berry and his colleagues, 10 who 
also describe anterior and posterior bronchial arteries. They add that the 
posterior bronchial artery to the right lung may arise directly from the 
thoracic aorta and that to the left lung from the left sixth intercostal artery. 
They emphasize that the posterior bronchial arteries arc much larger than 
the anterior. 

Jfathes and his co-workers" have given a somewhat different account as 
follows, “It arises in one to three trunks from the anterior side of the descend¬ 
ing aorta, just distal to the aortic arch. Frequent variations in its origin 
are met with; the artery on the right commonly arises from the first inter¬ 
costal artery, and occasionally from the internal mammary or subclavian 
artery.” 

Bradley 11 describes bronchial branches to the superior pulmonary lobe 
originating from the internal mammary artery, and two or three small bron¬ 
chial arteries arising either directly from the aorta or from its first intercostal 
branch; these latter bronchial arteries supply also the bronchial lymph nodes 
and the esophagus. 

Hiller 15 describes the bronchial arteries in the following manner, “The 
oesophageal and bronchial arteries vary in number and origin. Usually, the 
chief supply to the lungs is an artery which leaves the right sixth (rarely 
seventh) intercostal artery, close to its origin. This is the small ‘bronco 
oesophageal artery.’ It crosses the left face of the oesophagus and contributes 
a branch to it, the oesophageal artery. It terminates shortly afterwards in 
right and left bronchial arteries which supply the lymph nodes and the con¬ 
nective tissue of the root of the lungs. The oesophagus always receives 
branches from some of the right intercostal arteries, caudal to the sixth. The 
lungs frequently receive additional branches from adjacent intercostals also.” 

Bourdelle and Brcssou 11 state that “a bronchial artery” arises from the 
thoracic aorta and proceeds from there to the bifurcation of the trachea to be 
distributed in the lung. 

MATERIALS AND METHODS 

The present work is based on the dissection of 30 dogs, male and female, 
of different breeds and of various ages. The bronchial arteries of these dogs 
were filled with colored latex; injection of the latex, in some instances, was 
made into the femoral or common carotid arteiy and in others directly into 
the aorta or one of its branches. In some cases, the thorax was opened-prior 
to injection so that the lungs retracted; in other cases, the thorn '■ 
closed. No difference in the filling of the arteries was observed in 
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T HE importance of the bronchial arteries in the pulmonary blood circula¬ 
tion has been repeatedly observed since they were first described by 
Ruyseh 1 and Haller 2 ; likewise their participation in various vascular and 
parenchymatous pathologic processes of the lungs has been noted, whether 
these be of natural origin or experimentally produced. The subject has been 
well reviewed by Cauldwell, 3 Liebovri and their colleagues, and Tobin and 
Zariquiey. 3 

"Where knowledge concerning the bronchial arteries has been gained from 
experimental procedures, these experiments have usually been carried out on 
the other vessels of the lung, the effects upon the bronchial arteries or the 
responses on their part being thereafter observed. Very few experiments have 
been based upon direct operative intervention on the bronchial arteries. This 
is mainly due to technical difficulties which result from their small caliber, 
and the great number of branches that enter the lung, as well as from their 
rich anastomoses and intimate relations with the other stnxctures of the pul¬ 
monary pedicle. Thus. Mathes and his co-workers,® after trying to ligate the 
bronchial arteiies of the dog, wrote as follows, “The isolation and ligation of 
the entire bronchial arteries was found to be impossible after several attempts. 
The main arteiies arising from the aorta were tied, but in each case after 
autopsy the lung was entirely normal and the bronchial artery injected in its 
entirety from the bronchial vessels arising from the intercostal artery.” More 
recently Tobin and Zariquiey 3 have stated. “The tortuous course and the loca¬ 
tion of the bronchial arteries, however, make it almost a physical impossibility 
to occlude them directly without closure of the bronchial lumen.” 

The present work was undertaken to acquire a more exact knowledge of 
the topographical anatomy of the bronchial arteiies of the dog, particularly 
as regards their origin and their mediastinal course; it was considered that 
such knowledge might well facilitate operative procedures upon these vessels. 

Al though complete and detailed descriptions of the topographical anatomy 
of the bronchial arteries in man have been made by several authors. 3 ’ 7 ’ 8 the 
topographical anatomy of the bronchial arteiies in the dog has been inade¬ 
quately dealt with. Detailed descriptions are lacking from current literature, 
as well as from texts on the anatomy of the dog. 

Kiittner 9 described the bronchial arteries of the dog as follows: “The 
posterior bronchial artery arises by a common trunk with the intercostal artery 
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For convenience the cases were grouped as follows (Table I) : 

Typo I: 1 right and I loft bronchial artery 
Typo II: 1 right and 2 loft bronchial arteries 
Type HI: 2 right and 1 left bronchial artery 
Typo IV: 2 right nnd 2 left bronchial arteries. 



Fig. 1.—Confd. Type II. (1C.6 per cent). One right and two left bronchial arteries 
Type III. (6.G per cent). Two right and one left bronchial arteries 
Type IV. (10 per cent). Two right and two left bronchial arteries 

Fig. 1 shows schematically all the possible variations-of origin and the 
frequency with which they were met. It will be seen that Type I was by far 
the most common. 


Table I. Classification of Cases According to Number of Bronchial Aktep.ies of Aortic 
Intercostal Origin to Each Side 
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two methods nor did artificial inflation of the lungs Ada the trachea affect 
the filling. In those cases where the thorax was already open at the time of 
injection, the aorta was ligated at its exit from the heart so as to prevent the 
injection material from flowing backward into the pulmonary veins. 

The latex injections were made either noth a veterinary syringe having a 
rubber piston or by means of an air-compressor like that used for tree-spray¬ 
ing. The compressor, with its manometer, is connected by rubber-tubing to 
a flask containing the latex; a second tube emerging from the flask is con¬ 
nected to the injection needle. This apparatus proved to be most practical. 




Fig. 1.—Schematic representation of the variations in the origins of the bronchial arteries 
from the aortic intercostal arteries. 

Type I.— (66.6 per cent). One right and one left bronchial artery. 

A-int.aort.dext.: Arteria intercostalis aortica dextra. 

A.int.aort.sin.: Arteria intercostalis aortica sinistra. 

A.b.d.cran.: Arteria bronchialis dextra cranialis. 

A-b.s.cran.: Arteria bronchialis sinistra cranialis. 

A.b.d.caud.: Arteria bronchialis dextra caudalis. 

A.b.s.caud.: Arteria bronchialis sinistra caudalis. 

1 c. to 5 c. represent the number of cases observed. 

After fixation of the parts in formalin for a few days, the sternum in each 
case was removed and also the greater part of the ribs to within a few centi¬ 
meters of the vertebral column. On drawing the lungs ventrally, the rami¬ 
fications of the injected bronchial arteries were clearly observed through the 
transparent parietal pleura and were then dissected toward their origins and 
terminations. 

OBSERVATIONS AND DESCRIPTION 

One or two bronchial arteries were found going to each lung. Where 
two arteries are present on one side they are referred to in the present paper 
as the cranial and candal bronchial arteries (right or left), respectively. 
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costal spaces to which they nio distributed (Fig. 2). Thus, it may be noted 
ftom Table III that the vertebral levels of the points of origin of the bronchial 
arteries extend from the disc between the fourth and the fifth thoracic 
vertebra down to the eighth thoracic vertebra. The majority of the right 
bronchial arteries have their origin in front of the fifth and sixth thoracic 
vertebrae and the disc betrrecn them, while most left bronchial arteries arise 
itt front of the sixth and seventh thoracic vertebrae and the disc between them. 


Table III. VritTEnnAL Le\fl or Origin or m Broncuiai Ar.Ttr.iEs From the AoRTto 
Intercostal Arteries 
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The aortic intercostal arteries, ginng origin to the bronchial arteries, 
spring from the right lateral aspect of the descending aorta, sometimes close 
to its ventral aspect or even from the right lateral portion of the ventral 
aspect itself Very often these intercoslals have a greater caliber than the 
remaining intercostal attciics 
Cow sc (Figs 1-4) — 

Right bronchial arteries: 

A. Single light bronchial aitcuj: This is the most constant of the bronchial 
arteries in its origin, course, and distribution It springs from the first, 
second, or third right intercostal artery 10 to 25 mm from the aorta, it passes 
upward and forward, lying first on the right side of the rertebral column, 
then, crossing the right aspect of the esophagus, it reaches the trachea, de¬ 
scends upon the right main bronchus and dir ides into its various branches 
which enter the lung with that bronchus At the level of the trachea, the 
right, bronchial artery crosses the vagus nerve on its lateral side or it inter¬ 
mingles with the various branches into which the vagus nerve has dirided at 
that level On the whole, the artery describes an arch open downward and 
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Origin .— 

The bronchial arteries of both sides were found to arise from the right 
aortic intercostal arteries. In no case were they found arising directly from 
the aorta or from the left intercostal arteries. 

The point of origin from the intercostal arteries differs accor din g to the 
bronchial artery in question; it was found at a distance of 0.5 mm . to 25 mm. 
from the aorta. 

The right bronchial arteries generally arise from the intercostal arteries 
considerably farther from the aorta than the left ones; the cranial bronchial 
arteries arise farther away from the aorta than the caudal ones. Thus, the 
right cranial artery arises farthest from the aorta, and the left caudal rises 
nearest the aorta (Fig. 1). When the point of origin of a bronchial artery is 
very close to the aorta, that is, when there is a very short common trunk of 
origin from the bronchial and intercostal arteries (i.e., a very short “inter- 
costobronehial artery” 3 ), it may at first sight appear that the bronchial artery 
arises directly from the aorta, but by close observation its origin from the 
intercostal artery may be distinguished. This often happens with the left 
caudal bronchial artery. 

The particular right aortic intercostal arteries from which a bronchial 
artery may spring are the first to the fourth. The frequency with which the 
different bronchial arteries arise from these intercostal arteries is shown in 
Table II, where it may be seen that most right bronchial arteries arise from 
the first or second aortic intercostal arteries, while the left bronchial arteries 
-rise most commonly from the second or third aortic intercostal. 


able II. Frequency of Origins of Bronchial Arteries From Aortic Intercostal 

Arteries 


RIGHT 

AORTIC 

INTER¬ 

COSTAL 

ARTERY 

RIGHT BRONCHIAL ARTERIES 

LEFT BRONCHIAL ARTERIES 

TOTAL 

SINGLE 

DOUBLE 

SINGLE 

DOUBLE 

CRANIAL | CAUDAL 

CRANIAL | CAUDAL 

First 14 0 

Second 8 _ 1 

Third 3 _ 3 

Fourth 1 

2 2 _ 23 

S 5 2 24 

10 1 6 23 

2 3 


It is to be noted that the numbering of the aortic intercostal arteries does 
Dt correspond to that of the intercostal spaces. A variable number (1 to 4) 
pper intercostal spaces are supplied by the costocervieal trunk of the sub- 
avian artery. The aortic intercostal arteries from which the bronchial 
L'teries arise (i.e., first to fourth) pass to the third to eighth intercostal 
Daces; one aortic intercostal artery may supply more than one intercostal 
Dace. 

It is convenient also to relate the points of origin of the bronchial 
rteries (from the intercostal arteries) to vertebral levels. Because of the 
oblique course taken by the intercostal arteries, they, i.e., the intercostal 
arteries, may arise from the aorta at a level higher or lower than the inter- 
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costal spaces to which tlicy arc distributed (Fig. 2). Thus, it may be noted 
from Table III that the vertebral levels of the points of origin of the bronchial 
arteries extend from the disc between the fourth and the fifth thoracic 
vertebra down to the eighth thoracic vertebra. The majority of the right 
bronchial arteries have their origin in front of the fifth and sixth thoracic 
vertebrae and the disc between them, while most left bronchial arteries arise 
in front of the sixth and seventh thoracic vertebrae and the disc between them. 


Table tU. Vertebral Level of Origin of the Bronchial Arteries From the Aortic 
Intercostal Arteries 
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Disc = Intervertebral disc. 
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The aortic intercostal arteries, giving origin to the bronchial arteries, 
spring from the right lateral aspect of the descending aorta, sometimes close 
to its ventral aspect or even from the right lateral portion of the ventral 
aspect itself. Very often these intercostals have a greater caliber than the 
remaining intercostal arteries. 

Course (Figs. 1-4).— 

Right bronchial arteries: 

A. Single right bronchial artery: This is the most constant of the bronchial 
arteries in its origin, course, and distribution. It springs from the first, 
second, or third right intercostal artery 10 to 25 mm. from the aorta, it passes 
upward and forward, lying first on the right side of the vertebral column, 
then, crossing the right aspect of the esophagus, it reaches the trachea, de¬ 
scends upon the right main bronchus and divides into its various branches 
"Inch enter the lung with that bronchus. At the level of the trachea, the 
n r't bronchial artery crosses the vagus nerve on its lateral side or it intcr- 
iningleg with the various branches into which the vagus nerve has divided at 
at level. On the whole, the artery describes an arch open downward and 
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0 right .— 

Ihe bronchial arteries of both sides were found to arise from the right 
aortic intercostal arteries. In no case were they found arising directly from 
the aorta or from the left intercostal arteries. 

The point of origin from the intercostal arteries differs according to the 
bronchial artery in question; it was found at a distance of 0.5 mm. to 25 mm. 
from the aorta. 

The right bronchial arteries generally arise from the intercostal arteries 
considerably farther from the aorta than the left ones; the cranial bronchial 
arteries arise farther away from the aorta than the caudal ones. Thus, the 
right cranial artery arises farthest from the aorta, and the left caudal rises 
nearest the aorta (Fig. 1). "When the point of origin of a bronchial artery is 
very close to the aorta, that is, when there is a very short common trunk of 
origin from the bronchial and intercostal arteries (i.e., a very short “inter- 
costobronchial artery” 3 ), it may at first sight appear that the bronchial artery 
arises directly from the aorta, but by close observation its origin from the 
intercostal artery may be distinguished. This often happens with the left 
caudal bronchial artery. 

The particular right aortic intercostal arteries from which a bronchial 
artery may spring are the first to the fourth. The frequency with which the 
different bronchial arteries arise from these intercostal arteries is shown in 
Table II, where it may be seen that most right bronchial arteries arise from 
the first or second aortic intercostal arteries, while the left bronchial arteries 
arise most commonly from the second or third aortic intercostal. 


Table II. Frequency of Origins of Bronchial Arteries From Aortic Intercostal 

Arteries 
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It is to be noted that the numbering of the aortic intercostal arteries does 
not correspond to that of the intercostal spaces. A valuable number (1 to 4) 
upper intercostal spaces are supplied by the costocervieal trunk of the sub¬ 
clavian artery. The aortic intercostal arteries from which the bronchial 
arteries arise (i.e., first to fourth) pass to the third to eighth intercostal 
spaces; one aortic intercostal artery may supply more than one intercostal 
space. 

It is convenient also to relate the points of origin of the bronchial 
arteries (from the intercostal arteries) to vertebral levels. Because of the 
oblique course taken by the intercostal arteries, they, i.e., the intercostal 
arteries, may arise from the aorta at a level higher or lower than the inter- 
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backward. In the first part of its course it runs nearly parallel to the arch of 
the azygos vein which may partially overlap the artery; in only 2 cases (6.G 
per cent) was the artery scon to cross the lateral aspect of the azygos vein. 

B. Double right bronchial arteries: 1 . Where two right bronchial arteries 
are found, the cranial of the two, here called the right cranial bronchial artery, 
corresponds to the single right bronchial artery in its course and relations as 
described previously. It usually arises from the first intercostal artery. 



•c.. . _ , , . , . (Type IV) as seen from the front. 

Fig. 4. —Origins and course of bronchial aricnes . 

TUp l. . , . , . . .. 11 .ndfawn aside The bifurcation of the trachea 

heart has been drawn upward and the lungs drawn * 

is thus shown. The esophagus and the azygos vein have been cue _ . . 

Nod.lymph.trach.bronch inf.: Kodul! lympbatici trac ie 


Spat intercost : Spatium intercostale 

(For key to remaining lettering see legend to Fig. > 


2- The right caudal bronchial artery was seen to arise from the second, third, or 
fourth right aortie intercostal artery, 3 to 12 mm. from the aorta. It rum up- 
ward and forward, its direction being more vertical, the lo ' ver ^ ts - 
origin. It crosses riic right aspect of the esophagus and reaches th. 
aspect of the right main bronchus, with which it desee ds, 

various branches. 
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4. Tracheal branches: to the interior portion of tlie trachea. 

5. Branches to nerves: n. To the vagi: each bronchial artery gives off 
branches to the nerve of the corresponding side; these branches ascend and 
descend with the nerve. There are twigs accompanying the branches of the 
nerves to the pulmonary plexus, and on the left side branches ascend with 
the left recurrent laryngeal nerve, b. Inconstant branches to the sympathetic 
trunk, its ganglia and branches. 

G. Pericardial branches: small branches to the nearby pericardium. 

7. Vasa vasomm: from the right bronchial arteries, especially to the azygos 
vein and the superior vena cava; from the left bronchial arteries to the aortic 
arch and descending aorta. Both right and left bronchial arteries give 
branches to the ipsilateral pulmonary arteries and veins. 

8. Branches to lymph glands: the lymph glands of the pulmonary pedicle 
and the superior tracheobronchial glands receive branches from the bronchial 
arteries of the corresponding side. The inferior tracheobronchial glands (i.c., 
glands of the tracheal bifurcation) may receive their supply' from both sides 
or mainly from one of the bronchial arteries. As has been pointed out 
already, it can often be observed that these glands arc sometimes pierced b.v 
branches of the bronchial arteries which pass to the opposite side. 

Anastomoses .— 

Frequent and rich anastomoses are observed between the branches of 
the artery of the same side, both before and after they reach the mnin bron¬ 
chus; at the level of the tracheal bifurcation and among the inferior tracheo¬ 
bronchial lymph glands, one may observe fine anastomoses between the 
arteries of the two sides. Furthermore, by means of the branches from the 
bronchial arteries to the various mediastinal organs and the parietes, rich 
anastomoses arc built up between the bronchial arteries and the arteries 
supplying those regions, e.g., innominate or brachiocephalic, subclavian, in¬ 
ternal mammary, inferior thyroid, intercostal, thymic, diaphragmatic, and 
pericardial arteries. In certain cases, some anastomoses attain considerable 
proportions, so that the impression is created that the bronchial branches are 
continuations of those anastomoses; this can be observed especially on the 
trachea and the esophagus. 

Other Bronchial Arteries to the Lungs .—- 

In one case (Type II), the right pericardiophrenic artery was seen to give 
branches to the right bronchus. 

In one other case (Type I), a thin branch from the sixth right aortic 
intercostal artery which passed to the tenth intercostal space reached the 
inferior lobe of the lung via the pulmonary ligament. 

DISCUSSION AND CONCLUSIONS 

A striking feature of the anatomy of the bronchial arteries is the asym¬ 
metry of their origin; these arteries supply bilateral organs, more or less 
symmetrical, yet they arise, in the main, from the intercostal arteries of the 
right side. Such a tendency is already observed in man, 3 where the bronchial 
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In some cases, small branches from one or both of the right bronchial 
arteries were seen to reach the left main bronchus, either directly or by 
crossing the inferior tracheobronchial lymphatic glands. (It will be pointed 
out later that, more frequently, the right main bronchus, in a similar way, 
receives branches from the left bronchial arteries.) 

Left bronchial arteries: 

A. Single left bronchial artery: This is more inconstant in its course and 
relations than the right arteries. It arises from the first, second, or third right 
aortic intercostal artery, generally from the second or third (Table II), at a 
distance of 0.5 to 5 mm. from the aorta. It first passes to the left, between 
the aorta and the esophagus, then, crossing the left aspect of the latter, it 
reaches the left main bronchus or it may first pass on to the trachea and then 
descend to the bronchus, having already divided into its branches. It crosses 
the left vagus nerve on its medial side or it is intermingled with the ramifica¬ 
tions of the nerve. 

B. Double left bronchial arteries: 1. Where two bronchial arteries are 
present the cranial of the two, here called the left cranial bronchial artery, is 
similar in its origin, course, and relations to the single left bronchial artery. 
It arises rather constantly from the second right aortic intercostal artery 
(Table II, Fig. 1). 2. The left caudal bronchial artery arises from the second 
or third right aortic intercostal artery, 0.5 mm. to 3 mm. from the aorta. Its 
course and relations are similar to those of the left superior artery, but it 
reaches the left main bronchus at a lower level. 

Frequently the left bronchial arteries give off branches which supply the 
inferior tracheobronchial lymph glands and these branches continue on to the 
■ight main bronchus; small branches passing directly to the right bronchi were 
ibserved as well (see Figs. 3 and 4). As already noted, in a similar way, though 
.ess frequently, the right bronchial arteries give off branches to the left main 
n’onchus. Branches of this kind are generally small and end in the proximal 
iart of the main bronchus, but sometimes they are important and descend to- 
•ether with the ipsilateral bronchial arteries. In some of these cases it is justi- 
iable to consider the bronchial arteries to the two main bronchi as arising by a 
jominon stem which ends by dividing into terminal branches for both main 
iron chi. Thus, the lungs may receive blood supplied to them by the bron- 
iliial arteries of both sides. 

Branches .— 

Throughout their mediastinal course, the bronchial arteries give off 
n-anehes to organs and tissues in the neighborhood. The name “broncho- 
nediastinal arteries” would fit them better because of their distribution. 

Among the branches of the bronchial arteries are the following: 

1. Parietal branches: to the prevertebral muscles and the vertebrae. 

2. Pleural branches: to the mediastinal pleura, to the pleura of the root 
of the lung and to the most proximal part of the visceral pleura. 

3. Esophageal branches: to the thoracic portion of the esophagus. 
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•SUMMARY 

In dissections made on 40 dogs, yyIiosc .11 tones mcio pieciously injected 
Yvith latex, one oi t«o bionelnal aitones moio obseived on each side It ivas 
possible to group the cases into 4 principal trpes 

Tv pc I 1 right and 1 loft bronchial artcrv (GG G%) 
ljpe H 1 right and 2 Uft bronchnl arteries (100%) 

Tv pc III 2 right and 1 h ft bronchial artcrv ((>G%) 
l\po IV 2 right and 2 loft bronchnl irtcrics (10 0%) 

The bionelnal at tones wuc found m nil eases to spung fiom the fust to 
the foutth light aoific mtcicostal niteuts Thcj weic nt\ci seen to mise 
dnoctlj fiom the oi fiom the left mtci costal ailtucs Then \eitcbi*il 
lc\d of ougm extends fiom the disc between the fouith and fifth thoiacic 
\ citchi.it down to the eighth thoiacic Autobia TJic coin so lclations, dis 
tubution, and anastomoses of the attmes aie dostiibed and tlic best method 
of appioach to them is outlined Othci possible soinees of s\stemic artcnal 
supply t0 the lungs ait pointed out 

I am deepb indobtul to Air 7\i Lev of tho Pedagogical Instituto for Science, 
Terusalcin, for inva 1 liable help rendered throughout tho entire course of tin* work Mi 
thanks are nI*o duo to Prof AI Ickouicz and Dr G Qjtlm for assist nice in revision of 
the manuscript, to Mr* L Salomon for the drawings, and to Air Isiac Havoun for 
technical assistance 
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arteries spring either directly from the aorta (generally from the most right 
part of its anterior aspect), or from the right intercostal arteries, but never 
from the left intercostal arteries. It must be in very rare cases only that a 
bronchial artery arises from a left intercostal artery as described for the dog 
by Berry and his co-workers. 10 Caldwell and his colleagues 3 describe such an 
origin in man only in eases of situs inversus. With regard to the descriptions 
by others 0 ’ 10, “• 13 of bronchial arteries in the dog arising directly from the 
aorta, it is my impression that arteries which appear to arise in this manner 
do not in fact do so, but arise from an aortic intercostal artery close to its 
point of origin from the aorta. 

Earlier workers 9 ’ 10 have classified the bronchial arteries into anterior 
and posterior groups, the former arising from the internal mammary and its 
branches or from other arteries in the vicinity. In the present study, the 
arteries found to arise from intercostal arteries correspond with the posterior 
group named by these authors and they constitute the constant and most im¬ 
portant systemic arterial supply to the lungs. As far as the anterior group is 
concerned, these were found in general to be small and inconstant and always 
merely accessory to the main supply from the posterior group. 

Regarding the description of Kuttner 9 and Miller, 12 that the supply to 
the right and left bronchi arises by a common trunk which subsequently 
divides to supply both sides, it was always found in the present work that 
separate bronchial arteries to each side were present, arising independently 
from aortic intercostal arteries. Frequently, however, one or another of these 
bronchial arteries gives branches to both sides. 

As a practical application of the present anatomic description, it can be 
seen that the best approach to the bronchial arteries of both lungs in the dog 
is from the right side. Thus, the right hemithorax is opened and the lung 
drawn ventrally. On separating the esophagus from the aorta, the origin of 
the bronchial arteries for both sides may easily be localized by following the 
first four aortic intercostal arteries. The only element that overlaps the right 
bronchial arteries in addition to the parietal pleura is the arch of the azygos 
vein. 

The present study contains the results of observations made on a limited 
number of dissections, and shows therefore only the most frequent variations 
in the anatomy of the bronchial arteries. It is possible that there are varia¬ 
tions other than those just described. Thus, apart from arteries entering the 
lung by way of its hilum or the pulmonary ligament, branches entering any 
part of its surface through pleural adhesions (either naturally or experiment¬ 
ally produced) have been described. Furthermore, arteries of completely 
anomalous origin and course have been described as sometimes arising in the 
abdomen and perforating the diaphragm on their way to the thorax. 14 

All these possibilities of arterial blood supply, as well as the numerous 
and various anastomoses of the bronchial arteries with the arteries of neigh¬ 
boring organs, must be taken into account in a study of the systemic broncho¬ 
pulmonary circulation. 
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Table I—Cont’d 


■U'THOK 

AGE 

SEX 

X-RAY 

SYMPTOMS 

■ 

METASTASES 

BRONCHOSCOPY 

AND 

CYTOLOGY 

Saroklian 

70 

M 

Cingula 

Chronic cough 

None 

Negative bron¬ 
chial washings 

Spatt and 
Gray z cl 

Sugarbaker 

34 

F 

Right lower lobe, in- Hemoptysis 3 None 
fiitrative mottled, months, cough 

egg-shaped area of 
density 

No details—Primary in lung 

Suppuration, no 
cytology 

Touroff 

— 

— 

Right upper lobe, 5 
cm. 

— 

None 

— 

Dvoracek 

44 

M 

Right upper lobe, 
massive 

None 

Parietal 
pleura, 
pericar¬ 
dium, peri¬ 
bronchial 
and hilar 
nodes 

Compression, 
bronchial 
washings posi¬ 
tive 

Weissman 

and 

Christie 

52 

M 

Borders poorly de¬ 
fined, left upper 
lobe, massive 

Cough 1 year, 
DOEt 6 months, 
weight loss 6 
lbs. 

None 

Negative, bron¬ 
chial washings 
negative 

Willis 

57 

U 

Large opacity, right 
upper lobe ' 

Recurrent pneu¬ 
monia, 3 years 

Hilar and 
peribron¬ 
chial nodes 



All of the above patients were proved to have lymphosarcoma of the lung on pathologic 
examination of resected lung or at autopsy. 

*Cited by other authors. 

tDyspnea of effort. 

Microscopically, the tumor is composed of lymphocytes or lymphoblasts 
ivhich replace the normal parenchyma. In the individual tumor the cells are of 
tairly uniform maturity. At the edges of the tumor the parenchyma is usually 
[•eplaced in decreasing extent as it merges into the normal lung. As in 1 of our 
?ases, there may be peripheral thin zones of fibrous tissue infiltrated by histio¬ 
cytes. The neoplastic cells surround the vessels and bronchi but usually do 
not invade their walls. 

No evidence of metastasis was found in 14 of the 23 cases. There was 
metastasis in all of the 5 autopsy and nonresectable cases. In 1 of the cases 
nf resection, there was microscopic involvement of the peribronchial and hilar 
nodes. Recurrence in 4 of the patients who had resection has been mentioned. 

CASE REPORTS 

Case 1.—G. \Y.. a 3S-year-old white housewife, vas admitted to the Barnes Hospital 
May 5, 1955, for investigation of an enlarging density found in chest films and an aching 
in the right shoulder and arm for four months. She had had chest films yearly for the 
past five years. One year prior to her admission, x-ray had shown a density in the right 
upper lobe. She had a work-up for tuberculosis which was said to show old arrested tuber¬ 
culosis. One month previous to admission, a Tepeat film showed enlargement of the mass. 
She was bronchoscoped, had broncliograms made, and was told that she needed on operation. 
She denied hemoptysis, cough, sputum, and shortness of breath. Review of systems and 
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past medical history xx is normal except for occasional intermittent attacks of epig.istii< and 
right upper quadrant cramping pain accompanied by nausea and xomiting and aggraxated 
by fatty foods. There had been no xxeight loss 

Physical cMimiPution was noiinal except for an me a of consolidation o\er the anterior 
right upper Jung field (Fjg. JJ). Laboratory data including hemoglobin, white blood cell 
count, peripheral blood smear, urinalysis, serum Kahn test, and electrocardiogram were normal. 
Bronchoscopy rcxcnleil a slight granularity and edema at the right upper lobe orifice. Biopsy 
of the right upper lobe spur, bronchial washings, and three sputum examinations were nega 
tivc for and fast bacilli and tumor cells. Chest \ rays repealed a large, rounded mass m the 
right upper lobe adjacent to the mediastinum, interpreted as questionable right upper lobe 
atelectasis, questionable mediastinal thymoma 

On dime 23, 1933, the patient was operated upon The anterior segment of the right 
upper lobe was a solid mass. Frozen section showed lymphosmomn There were no palpable 
lymph nodes in the mcdinstinum or pcnhronclu.ilh The light upper lobe was remoxed in 
routine manner. Postopcmtixely the patient nude an uncuntful recoxery and was discharged 
on the thirteenth postoperntixe day. 



Flfr 1C-—Case 1 Photomicrograph showing almost complete replacement of the noimnl 
parenchyma by sheets and tabulated or nodular aggregates of small relatnely mature and 
fairly uniform lymphocytes 

Grossly, there xxas a moderately firm tumor nm^s occupying the anterior segment of 
the right upper lobe extending into the adjacent apical and posterior segments (Fig. IB). 
The margins of the tumor xxcre distinct and accentuated by a 2 to 4 mm zone of firm grax 
yellow tissue. The cut surface of the tumor had a gray pink color with mottling of gray yclloxx, 
Microscopically, the excised rib showed normal marrow. Sections of the tumor showed almost 
complete replacement of the normal parenclixma by sheets and tabulated or nodular aggro 
gates of small, rehtixely mature and fairly uniform lymphocytes (Fig 1C).^.Mitoses xxere 
seen occasionally Throughout the tumor weie foci of patent alxeoli xuth thickened xxalls 
inxaded by lyanphocytes At the periphery of the tumor was a zone of d* 
infiltrated by histiocytes The neoplastic cells completely sturounded but 
walls of the arteries, veins, bronchial glands, nerxes, nud bronchi Roxen h 
contained no tumor. 
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a he patient has been Pten in follow up, and there is no evidence of recurrence bv 
symptoms or ttuoro^copx month*! after operation 

Cxsf 2—N L V, v 73 Mar old married white womin, was admitted to the Barnes 
Hospital on Doe 10, 3048 In June, 1048, sin had ons< t of left chest pain issoented with 
an upper rcspiraton infiction Fusi fatigibilitx and null use were the onl\ other symptoms 
In October she consulted her phxsitian because of recurrent left anterior client pun, not 
associated with effort hluoroscopi showed a shadow in the left upper lung field Review 
of easterns mil past medical hi«ton was nomontnbutory except tint ileMn years prcuouslx 
she hid hid a tUxroidcctomx for mild s\mptnm« of toxu it\ with resultant good regression of 
her sun[itoms Physical examination nu ihd a lire 11 nourish#d, mcntillv ilert clderlv white 
woman Chest was cleir to percussion and nu^ ultatiou There was no clubbing of the 
fingers The rmmindcr of the physical i \nmination w is issentnlh negative Routine lab 
or itorv data including n red blood cill and vvhiti blood ull count, hemoglobin,*unmlisis 
and peripheral blood smeir wen normal Chist \ rav showul i wedge shaped urea of m 
creisod dinsttx in tlie lift upper lobe (Tig 2 1) Bromlios opi was p rformed on Dec 
21, 3048, with n^gatm findings Bioneluil w ishiugs wire tilen md showed malignant alls 




- 4 * 




Pip 2 C —Case 2 Photomicrograph showing replacement of the normal lung paren 
cnjma bj lymphocj tes Mitotic figures are frequent ami there are a number of leticulum 
ceils with prominent and multiple nucleoli 

.Fhret sputum examinations for acid fast hicillus md tor tumor cells were ncgitni A enous 
pressure and circulation time were normal Gastric fillup was normal Preoperative diag 
nosis wis bronehogime eircinoma On Dec 27, 1948, i left thoracotomy was performed 
The superior anteromedial portion of the left uppu lobt revealid a reddish gray lung tissue 
under which a very firm miss could bi pnlpitul The lulus was fret Pneumonectomy was 
performed The patient's postopei itixe course was intmly uneventful 

Grossly, the speeimcn consisted of the uitire left lung which weighed 205 Gm In the 
upper lobe there was ui atelectatic wedge sluped irei occupying the major portion of the 
apical segment of the upjer lobi Tlure was a 0 cm diameter, rounded, firm lesion palpable 
within the ateleitatic segment On vut section m the in a of consolidation, there was a 
fleshy firm lesion approximately 6 to 7 cm in gn itest dianutir (Pig 27?) Grossly, the 
lung pattern appeared to be prison id and the lesion appear ’ consist k flesh\ mfiltri, 
tion of the lung substinec There w is io suggestion tt > within ^ 

bronchi The lesion was fairly well demart ited from t anil 

of pale yellow color, but aiound the periphery there of 
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color shading off into the normal lung substance. Microscopically, the tumor had erased 
the normal pattern of the lung and had invaded the alveolar walls in other areas. Mitotic 
figures were seen rather frequently and there were a number of reticulum cells which had 
prominent and multiple nucleoli and were rarely multinucleated (Fig. 2C). No eosinophils 
or fibrosis was seen. Immediately adjacent to the main tumor in otherwise fairly normal 
lung tissue there were many areas of focal infiltration of the same type of cells seen in the 
main tumor mass. These were located in the subpleural, perivascular, and peribronchial re¬ 
gions. Parenchyma of the lung was otherwise normal. In one area, blood vessel invasion 
was seen and in one large bronchus the tumor was growing beneath the intact epithelium 
around the cartilage and out into the lung substance. Five lymph nodes from about the 
upper lung bronchus showed reticulum-cell hyperplasia and no tumor cells. Other nodes from 
the lower lobe bronchus and from the hilum were negative. 

In June, 1953, four years and seven months after operation, the patient was admitted 
to another hospital in a moribund condition. She died shoitly thereafter. Autopsy revealed 
intestinal obstruction due to adhesions and the examination showed no evidence of lympho¬ 
sarcoma. 

DISCUSSION 

Primary lymphosarcoma of the lung is distinctly different from the usual 
disseminated form of lymphosarcoma. It bears a similarity to lymphosarcoma 
of the stomach which often remains localized for long periods of time and may 
be cured by resection. Clinically, the lesion appears as an area of homogeneous 
increased density in the chest x-ray, which is not diagnostic. There are symp¬ 
toms in less than one half of the reported cases. In only these instances has 
a diagnosis of malignancy been made preoperatively, one by bronchoscopic biopsy 
and two by cytologic sputum examination. At the time of operation the lesion 
may be recognized grossly as a neoplasm. Frozen section will identify its type. 

There appears to be little difference in the recurrence rate between lobectomy 
and pneumonectomy. If the tumor is peripherally located and there are no 
grossly involved lymph nodes, lobectomy is recommended. Prognosis in resected 
•ases is considerably better than for bronchogenic carcinoma. 

Primary lymphosarcoma of the lung is another example of the need for 
•xploratory thoracotomy in all cases in which there is a persistent unexplained 
esion in the chest x-ray. 

SUMMARY 

Two patients with primary lymphosarcoma of the lung have been presented, 
vith a summary of the literature. The need for exploratory thoracotomy in all 
“.ases in which there is an unexplained persistent lesion in the chest x-ray has 
leen emphasized. The relatively good prognosis is apparent from this study. 
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color shading off into the normal lung substance. Microscopically, the tumor had erased 
the normal pattern of the lung and had invaded the alveolar walls in other areas. Mitotic 
figures were seen rather frequently and there were a number of reticulum cells which had 
prominent and multiple nucleoli and were rarely multinucleated (Fig. 2C). No eosinophils 
or fibrosis was seen. Immediately adjacent to the main tumor in otherwise fairly normal 
lung tissue there were many areas of focal infiltration of the same type of cells seen in the 
main tumor mass. These were located in the subpleural, perivascular, and peribronchial re¬ 
gions. Parenchyma of the lung was otherwise normal. In one area, blood vessel invasion 
was seen and in one large bronchus the tumor was growing beneath the intact epithelium 
around the cartilage and out into the lung substance. Five lymph nodes from about the 
upper lung bronchus showed reticulum-cell hyperplasia and no tumor cells. Other nodes from 
the lower lobe bronchus and from the liilum were negative. 

In June, 1953, four years and seven months after operation, the patient was admitted 
to another hospital in a moribund condition. She died shoitly thereafter. Autopsy revealed 
intestinal obstruction due to adhesions and the examination showed no evidence of lympho¬ 
sarcoma. 

DISCUSSION 

Primary lymphosarcoma of the lung is distinctly different from the usual 
disseminated form of lymphosarcoma. It bears a similarity to lymphosarcoma 
of the stomach which often remains localized for long periods of time and may 
be cured by resection. Clinically, the lesion appears as an area of homogeneous 
increased density in the chest x-ray, which is not diagnostic. There are symp¬ 
toms in less than one half of the reported cases. In only these instances has 
a diagnosis of malignancy been made preoperatively, one by bronclioscopic biopsy 
and two by cytologic sputum examination. At the time of operation the lesion 
may be recognized grossly as a neoplasm. Frozen section will identify its type. 

There appears to be little difference in the recurrence rate between lobectomy 
and pneumonectomy. If the tumor is peripherally located and there are no 
grossly involved lymph nodes, lobectomy is recommended. Prognosis in resected 
cases is considerably better than for bronchogenic carcinoma. 

Primary lymphosarcoma of the lung is another example of the need for 
exploratory thoracotomy in all cases in which there is a persistent unexplained 
lesion in the chest x-ray. 

SUMMARY 

Two patients with primary lymphosarcoma of the lung have been presented, 
with a summary of the literature. The need for exploratory thoracotomy in all 
cases in which there is an unexplained persistent lesion in the chest x-ray has 
been emphasized. The relatively good prognosis is apparent from this study. 

REFERENCES 

Anlyan, A. J., Lovingood, C. B., and Klassen, K. P.: Primary Lymphosarcoma of the Lung, 
Surgery 27: 559, 1950. 

Beck, IV. C., and Eeganis, J. C.: Primary Lymphoma of the Lung, J. Thoracic Surg. zz: 
323, 1951. 

Beck, IV. C.: Personal communication. 

Belirend, Moses: Personal communication. 

Blalock, J. B.: Personal communication (for Ochsner and DeCamp). 

Brown, C. J. O.: Personal communication. 

Christie, J. M.: Personal communication. . 

Churchill, E. D.: Malignant Lymphoma of the Lung and Pulmonary Coccidiomycosis; Clime 
on Surgical Lesions of the Lung, Surg. Clin. North America 27: 1113, 1947. 

Churchill, E. D.: Personal communication. 



\oI me 33 
Number 2 


]>KO.\cnr,\i, ipiihi ui \r in tunc, cakcinova 


2G r > 


made on the Inonchinl epithelium m lontine (nontumoi) neeiopsi specimens 
to obtain a base lino and to set up eiiteiia ot 110111ml, ( 2 ) tliose made on 
sections taken fiom tin pio\nnal poition of the liiondn in singled specimens 
removed for conditions otliei tlinn cauinomn, ( 3 ) tliose on the “noimal 
appealnifr ’ pioumnl poition of the hionclms in suipical specimens nmoied 
at pncumoncetoim foi one of time t\pes of caiciiioma, iiaineh, squamous cell 
caicinoma, adenocauinoma, oi small toll i minoma, and (d) those made on 
neeiopsi specimens obtained liom the pood limp m eases m which cncinomi 
of the otliei limp had been Heated suipicalh 



As den,oust.ated hi IW • and late, hi ind * moke 

' m ' cs f “»<!"* to eeitain piedietahle pattens W* t,settle o it at sites 
,Uo cd(1 ' con cuts ate set up hi diwcs m dueetionof flow of tlio smoke 

"rrrv”',?- 

'“.-‘III w« l.«* “ tto “ 

this Site foi Stmt, Ti f Las a loiipitndmal stup appiQM 

msteli 3 to G M I |‘°"’ 1 10 ,,ce,ops ' s ff' t |,e posfciomednl nail of each 
honS. ® “ “ ,C T h ^ ,0n,0 ' C< :rof these ships ueic made and- 

stamp,1 „ ti i" ^onpitudiml section ic ldenf ,fled onh hi miml 
s 0 tint t/ 1 ' Cm ' 1,tm,ln ‘ ,ml ( ’ os,n Tht I’",! the ladmdnd lepiesented hj 

Pa.tiei„a ,C , 0b , Sme,S llIKl 110 k ' 10 " ,cd " e "“'r tissue lemoied fiom the suigieal 

sa ™ S,1(!C 0f the 6l " PS Tom the nee, 

SI,CClmeils "«e slmitei than tl.osi ohta.aed 



HISTOPATHOLOGIC OBSERVATIONS ON BRONCHIAL EPITHELIUM 
WITH SPECIAL REFERENCE TO CARCINOMA OF THE LUNG 

Robert F. Ryan, M.D.,* John R. McDonald, M.D.,* h * and 
0. Theron Clagett, M.D.*°* 

Rochester, Minn. 

T HE possibility that smoking is a cause of carcinoma of the lung is being 
intensively and widely discussed at present. In consideration of this 
question, the histologic changes produced in the lung by smoking are of funda¬ 
mental interest, and for this reason we are presenting the results of a study 
that we have made of such changes in man. 

When we first started this study, we planned to compare histologic sections 
from the lungs of smokers with sections from the lungs of nonsmokers, in a 
manner analogous to the procedure we have used to study the laryngeal epi¬ 
thelium of smokers and nonsmokers. 1 ’ 2 Superficially, this approach of studying 
histologic sections from the lungs might seem to be an easy one, but in actual 
practice there are at least three major difficulties: First, there seem to be no 
answers to such questions as: What is the normal appearance of the bronchial 
epithelium? How thick should it be? What effect has age on the epithelium? 
Is there a difference between the bronchial epithelium of males and that of 
females? Is there a difference between the right and left sides? Is squamous 
metaplasia normal? How often does it occur in normal people? Is it more 
^frequent with advancing age? These are but a few of the basic questions 
that have to be answered before a specimen of epithelium may be designated 
as abnormal or normal. The second major difficulty is that other conditions, 
such as chronic bronchitis, inhalation of industrial fumes, pulmonary edema, 
and terminal coma, affect the appearance of the bronchial epithelium. The 
third major difficulty is that of obtaining histories of smoking or nonsmoking 
that are reliable. Moreover, even after obtaining reliable histories, one has 
to be very careful to ascertain that the smokers are representative of all 
smokers and that some factor of selection has not entered into the study, as 
pointed out by Berkson. 3 

MATERIAL AND PROCEDURE 

Because of the difficulties mentioned, we found it advisable to approach 
this problem mainly from a pathologic standpoint. We used four categories 
of specimens, and hence our observations are grouped as follows: (1) those 
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mc w 01 c cauful, m lemming the stnps beginning at the pioumal end of the 
hionchi m the surgical specimens and extending distallr tow aid the tumor, 
to stop well short of the risible maigins of the tnmoi, the icason for this 
care is the fact that, as pointed out 1>\ IIabcin, f a rone of eaicinoina in situ 
often extends out fiom the tnmoi hut lemains m continuity with the pnniair 
lesion B\ the use ot a stencil, ink maiks wcie placed on each slide to tlesig 
natc the aieas wlieic the epithelial thickness was to he measmed lleasuie 
ments weie made onlr in those aieas where no eiosions oi artifacts weie 
piesent, foi example, we lure ohscirations on the incidence of squamous meta 
plasm oeeuiung ill the hionclms of 30 left lungs lemored because of squamous 
cell carcinoma, but deteiminations ot epithelial thickness rreic made on onlr 
25 of these lungs 

In the pieuotts studies of the effect of smoking on the laiuix’ 1 there 
\reie f> pci sons who, it seemed ceitam, ncic nonsinokcrs and fiom whom 
lnonehial tissue was preseircd In 2 ot these eases a stup of tissue was lemored 
fiom each mam stem bronchus, as was done in the loutmc neciopsr eases 
mentioned aliore, but in the othei 3 cases, additional stnps weie lemored fiom 
the lateial walls of the distal part ot the trachea and the pioximal portions 
of each bionchus (Tig I, l>) 


m -suits 


Routine Neciopty Spcctmtnt —In the loutmc (nonturnoi) neciopsr speci 
mens, squamous metaplasia was not licquentlr encounteicd It was piesent m 
6 of the 77 males {7 S poi cent), oi m 4 of 65 left hionclti and m 5 of 61 
light bronchi It was found in 2 of the 36 females (5 6 per cent), oi m one 
of 28 left hionchi and in 2 of 29 light hioncln No eudence of malignancr 
was seen m anr of the loutine neuopsj specimens, eithei fiom males oi fiom 
females The data on thickness of the bionclnnl epithelium aie giren in 
Table I* It is to be noted that the bionclnal epithelium fiom the loutine 
neciopsr specimens was tlnckci in the males than m the females, and that 
while the bionclnal epithelium on the light was of the same thickness as that 
on the left m the females it was thicket than that on the left in the males 
These subjects were distnbuted tlnough the second to tenth decades of life 
lnelusirc, with the majontj being rather erenlr distnbuted tlnough the fifth 
to ninth decades We found no consistent relationship between age and epi 
thelial thickness, oi between age and the oeciinence of squamous metaplasia 
in these routine neciopsr specimens 

In Table I, undei the heading “Neciopsr specimens without caicinoma 
of lung’’ and undei the subheading “Noimal,” 10 specimens (5 eases) aie 
listed All 5 patients were males Two oi the 5 were farmeis, one was 
a baibei, one was a caipentci and one had been an inmate of a state mental 
hospital for manj reals The carpentci bred in a town of less than 25,000 
population and the otlieis weie essentiallr ruial lesidents, bring m towns 
of 2,000 oi 3,000 population Thus, uiban bring, m its usual sense was mled 


•Detailed tables on epithelial thickness of specimens in all four categories r 
rune to distribution of patients b> age will be supplied b> the authots on, 
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basilar hyperplasia to frank carcinoma sucli as has been described in tbe uterine 
cervix can be seen in one sections from these opposite or “good” lungs. Pig. 
C portrays sections from a 03-year-old white man who underwent right pneu¬ 
monectomy for a squamous-ccll carcinoma in 1949. In 1952, the patient was 
found to he well and presented no evidence of any recurrence of bis disease. 
While lie was eating in a downtown restaurant, lie aspirated a bolus of meat 
and died of asphyxia. At necropsy the left bronchus appeared normal on gross 
examination, but the photomicrographs show that pathologic changes were 
present; the patient did not live long enough for the lesions to become 
symptomatic. 



a rl^votr^'i Marked hyperplasia of the surface epithelium of the left main-stem bronchus 
V,:L e " r -. 0ld ninn 10 , lmt ! undergone right pneumonectomy for squamous-cell carcinoma 
rhivqr».n ir w. | S „?rcviomly (see text for details). In 1052. while he was in town foi a 
asphyxia from n bolus of meat. Post-mortem examination disclosed no 
nf rjewot I. ( lu c,i(1 !i al carcinoma (hematoxylin and eosjn ; X100). b. Photomicrograph 
the b f?<Jlno um ^ rom t,,c Inns Of the same subject as in a. This area adjacent to 

surface eplthelYuni ° sho " s n ' nrk€(1 squamous metaplasia with an in situ carcinoma of the 


COMMENT 

At the time this study was undertaken, almost two years ago, we were 
not familiar with any similar attempts to evaluate the effects of tobacco on 
the lungs. Subsequently, we found three other studies of a somewhat similar 
nature. The first is the report of Wittekind and Striider, 7 who studied surgical 
and necropsy specimens to see if smoking produced any effect on the bronchi. 
These authors concluded that no relationship existed between tobacco smoking 
and the bronchial structure. They felt that squamous metaplasia and any other 
pathologic changes present were due to chronic bronchitis. They did find a 
high percentage of smokers among those having carcinoma of the lung. In 
4 of their cases there were small, in situ cancers in addition to the larger and 
obvious, tumor of the lung. The second study is that of 'Weller,*' 9 in which 
21 sections were taken from the lungs in a set pattern at necropsy. The 
sections of epithelium were studied microscopically for squamous metaplasia, 
both typical and atypical, and the findings were then correlated with age, sex, 
occupation, smoking habits, and place of residence. 'With 21 sections, Weller 
found a much higher incidence of squamous metaplasia than we have observed 
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N in her 2 


BltOKCHIU* LPIilll MUM IIS LUNG GVRCINOM V 


I( is lntcicsting that the epithelium of the light mam stem hionehns -was 
tlnckci than that ot the left in the males of the loutme neciopsy senes Although 
the increase in thickness in the eases of cauinomn Mas not ns gieit as m the 
loutme neciopsy senes, the aeeiagc figmes foi the light side yyeie inoic than 
those of the left It is also to lie noted that the oeei all incidence of squamous 
metaplasia Mas gtcaUi on the light than on the left side, with moie occulting 
m males than m females It was 0111 feeling that in most eases squamous 
metaplasia seemed to stait at 01 licai the opening of duds and occasionally 
in the Inonchial glands 

In oui pietioush lcpoitcd study of the lami\ we noted that squamous 
metaplasia yyas piescnt in the false eotd 01 subglottic aica m about one half 
of the male laiynscs and m one louith ot the kmale lannses It is eeitainh 
an attinetiye speculation that some agent m the inspiied an is one of the 
mam causes of squamous metapl isia of the lespiiaton tiact, with a high 
incidence of such lesions in the laicns, whole eomentiatioii of the agent yyonld 
lie yen high, and a much lowei incidence in tin main stem hronclu yylieie 
considciablo dilution has taken place One yyonld not oxpict such an agent 
to liaye much effect on most of the tinchca, as this is a lelntnch stiaight tube 
in yyhicli no eddy cuiients 01 aieas ol tuibiilcnee should be picscnl to cause 
the agents, such as tars m tobacco smoke, to be deposited on the walls The 
work of lit mala and Ilolsti is intcicsting m this light They made a plastic 
model of the respnatoiy tiaet and, coiling it yyith egg alhumui made it 
smoke, this caused the inspiied tais to he deposited m the htyns and 111 am- 
stem bionchi as shown in Fig 7, a Fig 7, b shows the aids yyhoio cnicinoma 
oeeuis in the icspiiatoiy tiaet These authois state that thete is a “stnlung 
coil elation noted hctyycen the cluneal tieqncncy of eaneei and tlu localization 
of the tobacco smoke, especially in yiew of smoking habits ” 

Anothei obscnation of gieat mteicst in oni study is the lelatncl} high 
incidence of in situ lesions 01 small caicmomas in the opposite (good) lung 
in cases of eaicmoma ot the lung Is eaicmoma of Ihc lung a lnulticcntiic 
disease? These patients did not lice long enough foi the lesions m the opposite 
lung to assume clinical significance The question conics up, How long does 
it take pulmonaij lesions to dec clop? Docs it take yens, as in the ease of 
in situ lesions of the uteiine ccniy} 

I malls, this study raises the question of how much of the Inonchial epi¬ 
thelium piosimal to a tumoi should he lemosed This is most nnpoitant m 
the cases of squamous cell eaicmoma and small cell eaicmoma, m yyhicli a 
high incidence of at} pical squamous metaplasia was seen in this study Changes 
of this liatuie seem to he one moie indication foi pneumonectomy lathci than 
lobectomy m these cases if such is at all feasible 

sunyiyRy and conclusions 

This study shows that in the absence of mitants such as mdustnal fumes 
and smoking the noimal Inonchial epithelium of males is a pseudostratified 
columnai epithelium about 55 p thick In loutme ncciopsy cases the thick 
ness of the epithelium is about 67 p in males and 60 p in iema' , ~"" , fJwi, cp' 
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in our routine necropsy cases, in which only one block was removed from 
each main-stem bronchus. In neither of the two reports do the authors give 
any data on thickness of the bronchial epithelium in microns. The third 
report is that of Auerbach and associates , 10 who found that smokers had thicker 
bronchial epithelium and also a higher incidence of metaplasia than did non- 
smokers. 

In our study, we found that the bronchial epithelium is thicker in the 
male than in the female, which corresponds to the findings in our studies on 
the laryngeal epithelium. We found no consistent relationship between thick¬ 
ness of the bronchial epithelium and age. 



Pig. 7 a plastic model ot the respiratory tract showing the deposition of tobacco 

tars, b Sketch showing the sites of carcinoma of the respiratory organs (From Erniaw. 
and Holsti: Cancer S: 674-C78, 1955.) 

Ill the routine necropsy cases, the finding of squamous metaplasia in 7.8 
per cent of the cases is in sharp contrast with the finding in the surgical 
specimens from cases of carcinoma of the lung, in which (8 per cent of the 
squamous-cell carcinomas (all males), 34 per cent of the adenocarcinomas, and 
71 t^ j> of the small-cell carcinomas were associated with squamous meta 
plasia of the bronchial epithelium proximal to the tumors. Much of this might 
be explained on the basis of irritation and secondary infection due to the 
tumors, but this basis is inadequate to explain the 44 per cent incidence of 
squamous metaplasia or the 12 per cent incidence of in situ or frank carcinoma 
in what appeared grossly to be normal surface epithelium in the opposite 
(good) lung. 



RESISTANCE TO AIR FLOW IN BRONCHOSPIROJIETRIC 
CATHETERS 

E W T Swi nson, M 1), v\n 0 Biitvrii, Ml) 

IVniiTin Tkiimcu Asmstinci of A Aiiofck 

G AENSbER and Ins associates' have studied ceitnin jilnsicnl pimeiplcs 
healing on 111 eat lung against the lesistanee due to the tuibulcnt tjpe 
of flow oidinauh encountcicd in bioncliospnoimtiic cathetus and hate 
shown that anj deuease in aitwaj diamctu lesults in a maiked mcuase in 
Ksistanee The \anons uitlietus tested bj these authois exhibited fiom 
foui to eighteen times the lesistanee of the noiinal human anwai The 
Cailens tube’ was found to bo supcuoi in this and otlici lespects to the 
Noms, 3 ZiMid,' and Gebnuei - ' cntheteis 

The JIaish e at hotel” was intioduccd suhseepient to the stud} lust men 
tinned' and, m addition to eeitam mechanical nnpimoments, was said to ha\e 
less lesistanee to bieathing than otheis, howeiei, no data weic giicn to 
suppoit this statement Since hioneliospiiomctij has been utilised exten 
Xitel} in this lnbmatoiy, it was elecideel to imestlgate and compile the ail 
(low lesistanee chaiaetciisties of the muons cntheteis including that of 
Aimsh, using hotle moist and elij an, moist nit is usuallj icspiied dining 
bionchospnometij and the influence of its meieased densitj was not in 
tostigated by Gacnslei and his eo woihcis 

METHODS 

The apparatus used was similai to that of Gacnslei, and is shown in Tig 1 
The onlt lmioi modification was an cftoit to sntniate the an flowing iiom the 
tank with watei mpoi Studies weic also made toi companion using dn an 
The flow late, controlled at the mhc ot a eoinpiessed an tank, was tailed 
between mo and 50 E pci minute anel measmed with a calilnated flow inctci * 
The maMimim figuie was detned fiom the highest minute mutilation mine 
ohsened m om senes ot oeci 500 bionchospnometrics, and lioin multiphing 
this mlue by 0 3 to estimate niauiinun inte of flow occumng dining the 
lespnatorj csdc 7 Piessurcs existing m the ststeni weic measmed at the 
taiions flow lates without cathUei and with each lumen of the following 
catheteis 


CATHETER | 

FXTFPNAI DIAMETER 
(MM ) 

1NTFRNU. moss SFCTIONA] 

AKFA (CM”) 

RIGHT | LFFT 

Cnrleiis 41 Fr 

15 

0 44 

0 45 

Carlens 70 Fr 

17 

0 38 

0 3G 

Car lens 37 Fr 

12 5 

0 31 

0 33 

Marsh 

14 

0 28 

0 27 

Za\ od 

12 

0 20 

0 20 


From tlie Pulmonarj Function Laboratorj Renstriimska SJukhu<«ct Cothonburj? Sue] 
Recmed for publication Jan 27 195G 

•Model O 9148B Tmil Greiner Co New lotk 17 iscw lork 
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thelinm in the male is almost always thicker than that of the female, and in 
the males the epithelium of the right bronchus tends to be thicker than that 
of the left. The incidence of squamous metaplasia was approximately 8 per 
cent in the routine necropsy cases of this study. The epithelium proximal to 
a eai’cinoma and the epithelium in the opposite (good) lung tend to be thicker 
and more hyperplastic and to present a much higher incidence of squamous 
metaplasia, much of which is atypical, than does the normal bronchial epi¬ 
thelium. A 12 per cent incidence of in situ or frank carcinoma was found 
on microscopic examination of the opposite (“good”) lung in cases of carcinoma 
of the lung even though the bronchi appeared normal on gross examination. 
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RESISTANCE TO AIR PLOW IN BRONCHOSPIROMETRIC 
CATHETERS 

E. V. Swenson, M.D., and G. Bihath, 31.0. 

With the Technical Assistance of A. Aiideck 

AENSLER and his associates 1 have studied certain physical principles 
VJ bearing on breathing against the resistance due to the turbulent type 
of flow ordinarily encountered in bronchospirometric catheters, and have 
shown that any decrease in airway diameter results in a marked increase in 
resistance. The various catheters tested by these authors exhibited from 
four to eighteen times the resistance of the normal human airway. The 
Carious tube- was found to be superior in this and other respects to the 
Norris, 3 Zavod, 1 and Gebnucr catheters. 

The Marsh catheter 0 was introduced subsequent to the study just men¬ 
tioned 1 and, in addition to certain mechanical improvements, was said to have 
css resistance to breathing than others; however, no data were given to 
support this statement. Since bronehospirometry lias been utilised exten- 
shelj in this laboratory, it was decided to investigate and compare the air- 
o" lesistancc characteristics of the various catheters, including that of 
- aisi using both moist and dry air; moist air is usually respired during 
bronehospirometry and the influence of its increased density was not in¬ 
vestigated by Gaensler and his co-workers. 


-METHODS 

The apparatus used was similar to that of Gaensler, and is shown in Pig. 1. 
le on j major modification was an effort to saturate the air flowing from the 
an, ivith water vapor. Studies were also made for comparison using dry air. 

le flou rate, controlled at the valve of a compressed air tank, was varied 
ictwccn zero and 50 L. per minute and measured with a calibrated flow meter.* 
le maximum figure was derived from the highest minute ventilation value 
oiseried in our scries of over 500 bronchospironictries, and from multiplying 
is value by 3.3 to estimate maximum rate of flow occurring during the 
respiratory cycle. 7 Pressures existing in the system were measured at the 
'anous flow rates without catheter and with each lumen of the folloiving 
catheters: 


CATHETE R 
Carlens 4] Fi. 
Carlens 3D Fr." 
Cnrlens 37 Fr. 
Marsh 
Zavod 


external diameter 
(mm.) 

15 

13 
12.5 

14 
12 


INTERNAL CROSS-SECTIONAL 
AREA (CM.2 ) 

RIGHT 1 LEFT~ 


0.44 

0.45 

0.38 

0.36 

0.31 

0.33 

0.28 

0.27 

0.20 

0.20 


Prom the Pulmonary Function Laboratory, RenstrOmska Sjukhuset. Gothenburg, Sweden. 
Received for publication Jan. 27, 1956. 

Model G 914 813, Kmii Greiner Co., New York 13, New York 
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thelium in the male is almost always thicker than that of the female, and in 
the males the epithelium of the right bronchus tends to be thicker than that 
of the left. The incidence of squamous metaplasia was approximately 8 per 
cent in the routine necropsy cases of this study. The epithelium proximal to 
a carcinoma and the epithelium in the opposite (good) lung tend to be thicker 
and more hyjmrplastie and to present a much higher incidence of squamous 
metaplasia, much of which is atypical, than does the normal bronchial epi¬ 
thelium. A 12 per cent incidence of in situ or frank carcinoma was found 
on microscopic examination of the opposite (“good”) lung in cases of carcinoma 
of the lung even though the bronchi appeared normal on gross examination. 
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Fie. 2.—Flow rate-resistance relationships in \anous hronchospirometric catheters. Dry 

air. The tubes with smaller diameters de\elop high lesistancc (AP) as the flow* rate CV) is 
increased Tlie cur\es of the high resistance tubes indicate turbulent How whereas the larger 
catheters allow streamline flow. 
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Pressures were recorded in each case as zl P in centimeters H.O, the dif¬ 
ference between the observed pressure within the system with the catheter in 
place and the pressure found at the same flow rate when no catheter was 
present. 

RESULTS 

Fig. 2 graphically portrays the back pressures exerted due to resistance 
in each catheter lumen at the various flow rates for dry gas. In Fig. 3 the 
same data are presented with the pressures plotted on a square scale; the rela¬ 
tionship between flow and pressure becomes almost rectilinear except for the 
Carlcns 41 catheter (see discussion) and the first part of the curves during 
slow rates of flow. Each of the two lamina of the Marsh catheter have some¬ 
what more resistance than do those of any of the Carlcns tubes, and somewhat 
less than those of the Zavod catheter. 



Similar relationships between the various catheters are noted when moist 
air is used instead of dry. During this second series of experiments, psychrom- 
eter readings ranged from 92 to 99 per cent relative humidity at the various flow 
rates. All pressures are relatively higher than those found when dry air is 
used (Fig. 4). 

DISCUSSION 

The back pressure, /l P, resulting from a given nonturbulent, uniform 
flow through a smooth, straight tube is predictable in accordance with 
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Moisten r" rate-resistance relationships in the same broncliospirometeric catheters 

dimensions Hmfe^er^th^ SS-E* » a& ? fn «een * 0 be related to its internal eross-Snai 
results in turbSlent flow at « of V ater } apor (s,m Y at,n£r conditions of clinical use) 
c\en in the large lumen cathetirs” rates and consequently a sharply increased resistance 
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tubes The findings of Oaenslei' wete eonfinncd, in that theie exists a 
lcctilinear lelaticmslup between the squat c ol the flow iatc oi dij an thiough 
the tube and the lesistanic against it, lnduating the piesencc of tmlmlent 
flow Howctei tlie huge si/c Caikns tathetci allowed stieamliiu flow at all 
flow lates of dij an 

2 Moist an, because of its met cased densits, heightens the tendency to 
tuibulent flow, and thus the icsistance to flow, as eonipatcd to div an used 
m pieuous nnestigations Tnibuhncc is thus cneminteicd undei conditions 
of clinical use m eeeii the hugest eatheteis and at the slowest flow lates 

3 The Callous eatheteis caused less iisistanco to an flow than the Mulsh 
oi Zaeod tubes Tins snpci 101 its, with its CMtleiit implications to clinical cealua 
tion of compaiatnc umlatcial lung emulation is icadih jiiedietalile lioin the 
laigei eloss sectional dimensions ot then lumina (since, uiickl conditions ot 
turbulent flow, the icsistance dc\eloped m am catheter lumen is piopoitional 
to the fifth powei of its ndius, small difieientes in tube design assume con 
sidciable nnpoitanee 
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Poiseuille’s law as long as the pressure exerted on the gas remains the same. 
The law states: 


Where V is the flow rate, 1 is the length of the tube, M is the viscosity of 
the gas, and r is the tube’s internal radius. 


Of particular importance is the exponential relationship of the resultant 
hack pressure to the radius of the tube; this means that any decrease in tube 
width (internal diameter) greatly increases the resistance to a given flow. Also 
noteworthy is the linear relationship between pressure and volume flow rate 
during laminar flow. 

However, the departures from the conditions of this law which pertain in 
the human airway eannulated with a double lumen catheter are significant. 
(1) The airways leading from the patient to the spirometers arc not straight 
but curve gently at the pharynx and in the tubing and adapters leading to the 
spirometers. At each opening of the catheter and at each adapter between 
the tube and the spirometer, orifice turbulence can also arise with resultant in¬ 
crease in total resistance. (2) The flow rate of the gas is not uniform hut may 
range during each respiratory cycle from 50 L. per minute in one direction 
(inspiration) to 40 L. per minute in the opposite direction (expiration). 

Except for the slowest flow rates in the largest tubes studied, the relation¬ 
ship between flow and back pressure is not rectilinear (sec Pig. 2), indicating 
the existence of turbulent flow. The Fanning equation for back pressure result¬ 
ing from turbulent flow states: 


f • vs • 1 f • t r 2 • l 

A P -— - 

^ ~ r — 7f2 • 1-5 

V _ 

Where v is the linear velocity = -f is a friction factor, and A P, 

7r r— 

V, 1, and r are as defined previously. 

Thus, the relationship between back pressure and turbulent flow rates 
is a square one; this effect of turbulence is shown in the curves of Fig. 3 at 
the higher flow rates (except for the Carious 41 hunina). The internal dimen¬ 
sions of the tube are seen to assume an even higher exponential (fifth power) 
relationship to the hack pressure developed than in nonturbulent flow. 

It should also be stressed that moist air, because of its increased density in 
comparison with dry air used in previous studies, heightens the tendency 
toward turbulent flow and thus increases the resistance encountered. As seen 
in Fig. 4, the flow in the catheters is always turbulent at the flow rates encoun¬ 
tered and when moist air is present in the closed respiratory system. The 
importance of using the largest possible catheter hunina is thus clearly seen. 


CONCLUSIONS 

1. Resistance to air flow was measured in the lumina of the Zavod, Marsh, 
and Carlens (3 sizes) bronchospirometric catheters. The range of flows in the 
experiments was that which had previously been found in clinical use of the 
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There has bean some discussion nboul wliat to call tins tiadioal biondius 
Uoidcn 5 emplo's tlie turn “pic* epaituial” toi lnondu that anse fiom the 
tiaclica 01 from tlie light ]nim;u\ biondius piosimal to the light uppci lobe 
bionchns Fostc'i Cartel* uses 11 nomenclatuic that ictpmes an exact anatomic 
anahsis ol the segments of tlie lung imohed When one ot the segments 01 sub 
segments ot the light uppei lobe, usunlh the apical segment, is displaced onto 
the tiaclica, lie rcfeis to it as a “displaced biondius”, ll the light uppci lobe 
lias all its noimal segments, tlie tiaehcal bionclms is called a “supcinumciaij 
bronchus ” 



Tile “displaced biondius” is a common anomah , Ibe supeimnneiaij lnoii- 
clnis oeeuis but laich lleislienmi' m l')01 lepoited a tine supeiiiumciaii 
“thud lung ’ stemming fiom the light side ot the tiaclica, Mucllci 1 dcscnbed 
a snuilat case m 1918 ° Block 7 and others Imic seen additn ' ’ of a 

“supeinumeiaij bionclms” On the othei hand, the lcpoits 



TIIE TRACHEAL BRONCHUS 

Burxett Schaff, M.D., axd George Baum, MJD. 

Coral Gables, Fla. 

I N many mammals a bronchus arises directly Horn the right side of the trachea; 

in man this is an anomaly. Flint 1 made an extensive study of the embryology 
of the pig’s lung and beautifully illustrated this tracheal bronchus, which he 
called Lateral 1 (Fig. 1). Hare 1,1 demonstrated a similar bronchus in a sheep's 
lung (Fig. 2). Bremer 2 found that about 5 per cent of human embryos over 
the 5 mm. size showed one or occasionally two tracheal outpoeketings, usually 
on the right. He reasoned that they probably regressed since these bronchi arc 
rare in the newborn infant. 



From the Veterans Administration Hospital, Coral Gables, Fla., and the Um\ersity of 
Miami School of Medicine. 
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and Ncuhauser" reported on n patient with a tracheal bronchus with marked 
irregular stenosis between the tracheal bifuicetion and the emergence of the 
upper lobe bronchus. One of our patients was admitted because of hemoptysis 
secondary to bronchiectasis in tho anomalous bronchus. Some tracheal bronchi 
are asymptomatic (Gcrson and Rothstein, 12 and Brock 7 ). 



I *s 1. Photograph of a bronchogrnni showing n bronchus arising from the tutchea 

This is a report ot two men with a biouchus aiming fiom the trachea; the 
diagnosis was made by lnonchoscopr and confirmed by bronchography In each 
individual, the right upper lobe showed no apical segment. The proximal 
branches thus are examples of a “displaced” apical ‘cgment. One of the patients 
presented himself because of hemoptysis. The bleeding came from an aberrant 
bronchus that was abntptly narrowed at its site of origin from the trachea, 
(Fig. 3); distally broneliioctatic dilatations weie visible. The second patient 
(Fig. 4) was being investigated because of a so called “Middle lobe syndrome.” 
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have been more numerous. Boyden 3 found one “displaced bronchus” in 400 
specimens. Holingcr, 8 Huizinga and Smelt, 0 and Brock; mentioned in our 
bibliography, have observed at least one example of this anomaly. 

Ilolinger and his associates 8 have suggested a simple and useful classi¬ 
fication : 


1. Normal right upper lobe with 3 normal segments arising above the 
bifurcation of the trachea. 

2. Normal right upper lobe. Abnormal bronchus arising from the trachea. 

3. The tracheal evagination consists of only the apical segments (most 
common). 



The pre-eparterial bronchus appears to be associated with an increased fre¬ 
quency of disease in the area of the lung it aerates. Brock' studied one case oi 
supernumerary bronchus with bronchiectasis and one with congenital cystic 
disease in the right lung. Epstein 10 observed a bronchial adenoma in his patient,. 
Ilolinger 8 noted that one out of his four patients had symptoms. Ferguson 
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PULSION PILVRYNGHAL DIVERTICULA 
I'IN N Indium, MH, Svn Prvncisco, Cvui , vnd K P POSTIB, MD, 

Am xvnmuv, Lv 

A LTHOUGH it has been 191 vcats since the fust case of phniyngcnl divoi 
ticulum iv as deseubed by Ludlow m .170-1, s ' 3 Si thcic is still confusion 
in tlio litciaturc concerning the exact site of oiigm of these dncitieula The 
piesent discussion is based upon a icvicvv of the liteiatutc, .a study of hospital 
iccords, and pcisonal oxpeuence 

The best classification of ph.arv ngea) diveitiuila is that of Hill 1 ' (1) Con 
genital centially placed antenoi dncitieula at the base of the tongue (is, ' 
(2) Congenital latcial postfaucial dncitieula, oi acioccles iepicsen f 
sistent visceinl pouches of the cnibiyo (liinci end of the second pc 
These diverticula usually have a small opening behind the tonsil on the i 
pharyngeal fold hut the opening mav become cnoimous and me often 
eiated with a hionehial fistula oi cast 1 * 

Pulsion dncitieula oi deep phaiyngcal picssuio dncitieula, the 
common variety is the subject of this lepoit (retioceivical diverticula oi 
phaiynx) The opening of these pouches is alwavs postenor m the midline 
tho junction of the uppei oblique and lowei tiansveise splimcteiie filieis u, 
tho infciioi constrictor musele The latter is known as the ciicophaivngeus 
muscle There is noimallj a slight gap between these two sets of muscle fibers 
known as Killian’s dehiscence (Hill 1 ") At this site, a depression, the phaijn 
geal dimple, is desei ibed on endoscopic examination One explanation is that 
a bolus of food, shot off the back of the tongue m swallowing, impinges upon 
1 this pait of the phaiynx causing the dimple Marked meiease m this lecess 
lcsults m pulsion diverticulum As the pouch enlaiges, it usually extends to 
the lef t, but occasionally to the light A pi eminent swelling may be noted m 
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SUMMARY 

In man, a bronchus arises rarely from the right side of the trachea. Two 
patients are presented with this anomaly, both being examples of a displaced 
apical segment. 

Philosophers may take delight in noting that man has lost a bronchus that 
is present in the sheep and the pig, but what is man’s place in nature if that 
also places him in the class with the cat, the rat, and reptilia? 
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specimen is m the Hunteiinn Museum m Glasgow Moj mlian" 4 was nnpiessed 
with the excellence of the oiigmal lllnstintions and the “accuracj of the 
descuption of the sjmpt oms and mot bid anatom} ” 

Momo of Edmbuigh, in 1811, described these pouches and discussed the 
method of then formation (Mojinhan, 1927"*) 

Sir Chailes Bell, 3 m 1816, piescnted a patient upon whom he had passed 
a bougie at internals of two necks foi <i consideiable penod of time because 
of the giadnal accumulation of mucus in the tlnoat When this pitient died 
of nnolhei cause, the patient’s filends asked Bell to examine the bodj Etc 
found a bag piojecting fiom the lowei and poslenoi pmtion of the phaijnx 
pushing into a “space betwixt the esophagus and spine ” In tenoning Mi 
Ludlow’s icpoit, Bell 3 stated that Ludlow “ belies cd the bag to be muscii 
lar Although it be harm dons to fonn a conclusion fiom a single example, 
jet m sajmg the bag is not muscnlni, I am suppoitcd In leu stiong analo 
gies I think that the bag is produced bj' a piotmsion oi henna of the innei 
coat of the phaijnx tluough the fasciculi of the constiictoi phmyngis as m 
dn erticula of the urinary bladdci ” lie dcscnbed the difficulties he had had in 
passing the hougie and aftei doing the aufopsj could explain the icasoiis “It 
was evident that this bag was the cause of the obstinotion bj loeeivmg the end of 
the bougie Tot when the instrument was dnected backwaids, the point of it 
must hate entered the bag, and when earned m the opposite dnection, it must 
have passed into the chink of the glottis When the bougie was dnected lateialh, 
it escaped both these holes and went into the proper canal ’’ 

Zenker and Ziemssen 30 first stated that these pulsion dneitieula devel 
oped at the junction of the phaijnx and esophagus This aiea is known as 
the LannicrHaeckeimaun aiea, although Mojinhan, m 1927, 21 in seaiehing 
foi Lannier found that the name was Laimei, “a fomioi piosectoi m Giaz ” 
He gave the following lefeicnce, Laimei Med Jalnbuch AVien, 1888, P 333 * 
Hacekermann's thesis 0 was published m 1891 This aiea is dcscnbed as 
tuangular, ljing below the infeuoi constiictoi muscle on the postenoi wall 
at the origin of the esophagus, whcic the musculatuio was eonsideied weak 
AVaggett and Dims, 33 howetei, leportcd, m 1912, that tliev examined speei 
mens of gullets fiom recent autopsies, and peifoimed piessme expciiments on 
them bj attaching one end to the tap and seeming the othei Theie was a 
uniform dilatation of the esophagus aboi e and below the circular and sphincter 
portion of the infeuoi constuctor muscle but no weakness could be demon 
strated on the wall of the esophagus immediate!} below the infeuoi constne 
toi Small incisions were made thiough tlie longitudinal muscle coat and pio 
longed watei pressure applied, but neithci sacculation noi dilatation oceuned 
at the incisions, showing that tlie remaining poition of the wall of the gullet 
was strong enough to resist any piotmsion of the mucosa Although sulise 
quently overlooked, Hill, 13 in 1926, xepoited that he had lepeated and coil 
filmed AVaggett and Davis’ obseivations 

♦This reference was obtained at the Stanford Lane Library but the Aolumc did not 
contain the article The librarians at Stanford Lane Library thinking- that thf<» might be a 
typographical error found the correct jear to be 1SS3 
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the neck when a large distended sac is present and, as will be emphasized 
later, the diverticulum may extend, in rare cases, into the thorax as far as the 
lung root, 

Moynihan 24 described another form, the lateral diverticulum that he 
thought differed from the median pulsion diverticulum. Although he had 
never dissected a specimen of lateral diverticulum, from the drawings and 
description of the only two records of which he was aware (Butlin 0 and 
Chevalier Jackson 13 ), he was of the opinion that they occur. Mr. Urquhart, 
at that time (1927) Curator of the Museum at St. Thomas’ Hospital in Lon¬ 
don, agreed with Moynihan that the origin of the diverticulum placed in St. 
Thomas’ Hospital by Butlin was lateral. Moynihan 24 stated that if the 
pharynx is dissected from behind, a large pad of fat is found at the upper part 
of the esophagus on each side just below the border of the cricopharyngeus. 
On teasing away the fat, a gap is found on either side for the passage of the 
recurrent laryngeal nerve, a branch of the inferior thyroid artery and vein, 
and a bundle of lymphatic vessels. It was here that he said he would expect 
a lateral pouch to develop. 

Harrington 10 studied, at autopsy, 6 patients with pulsion diverticula who 
had died of other causes. The defect in 3 was described in the left-posterior 
wall of the pharynx between the inferior constrictor and cricopharyngeus 
muscles. In 1, it was in a similar position on the right side, and in 2 eases, 
the defect was in the cardinal posterior midline through the lower fibers of 
the cricopharyngeus muscle. If these defects arise laterally, they are certainly 
rare. Although Harrington titled his article, “Pulsion Diverticulum of the 
Hypopharynx at the Pharyngo-Esophageal Junction,” he described them as 
originating in the pharynx. 

Alexander Lee McGregor, lecturer on surgical anatomy at the University of 
Witwatersrand, in 1932, published a little book called “A Synopsis of Surgi¬ 
cal Anatomy,” 21 in which a chapter on “The Anatomy of Congenital Errors” 
differentiated congenital from acquired diverticula by their characteristics. 

In congenital diverticulum, the wall contains all the coats of the parent 
viscus. 

In acquired diverticulum , there is little or no muscle in the wall. The neck 
is narrow and although the diverticulum may be covered by a few muscular 
fibers, these are insufficient to empty the diverticulum completely. Thus, stagna¬ 
tion of substance passing into it may occur. As the diverticulum enlarges, the 
neck is smaller than the diverticulum so that the isthmus may become obstructed. 
His thesis was that these diverticula are dangerous in that they may distend, 
obstruct, or perforate. 

HISTORY 

Mr. Ludlow, surgeon at Bristol, 3 - 24 first described pharyngeal diverticula 
in a letter to Dr. fm. Hunter as “preternatural dilatation of, and bag forma¬ 
tion in the pharynx.” The case was observed by Ludlow in 1764, and the 
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between the prcvertcbral and pretracheal layers of the cervical fascia and may 
eventually occupy the posterior mediastinum. The sac is usually pyriform 
in shape as it enlarges and the pharyngeal orifice is fairly wide. As the sac 
sags down with increasing size, the pharynx comes into alignment with it and 
the opening of the esophagus appears as a longitudinal narrow aperture on 
tlio anterior border of the neck of the sac. This was apparent to Zenker and 
Ziemssen in 1877. 30 It is thus easy to understand how all food and all instru¬ 
ments pass more readily into the diverticulum than into the esophagus. 

There may be variations in the thickness of the sac. It is surrounded by 
varying amounts of loose fasciculi of striated muscle arising from the inferior 
constrictor. Killian 10 (in 1908) stated that, in the previous ten years, he had 
observed 7 cases of pulsion diverticula of the pharynx, G of which were de¬ 
scribed by his pupil, von Eichen. Killian described the use of the esophago- 
scope in making the diagnosis. He noted that the tube usually entered the 
diverticulum first and then by pulling backward slightly and pressing the tip 
forward against the cricoid, the opening into the esophagus could be recog¬ 
nized. This is well illustrated in Lahe.v and Warren’s article 18 (illustrations, 
page 5—the third stage of development). (Pig. 1.) It explains the danger 
of “blind bougienage’’ and also how perforation can occur with the esoph- 
agoseope. Killian described introducing a small “sonde” and probing behind 
the larynx until the opening is found and introducing the esophagoscope over 
the “sonde” and then pulling the latter out. lie stated, “a new instrument 
made by my assistant, Bruinings, offers the combination of the ‘sonde’ and 
the tube called ‘open beak.’ ” 

Professor Arthur Keith 10 in a paper entitled “A Demonstration on Diver¬ 
ticula of the Alimentary Tract of Congenital or of Obscure Origin,” delivered 
at a meeting of the Boyal College of Surgeons of England and published in the 
British Medical Journal, Feb. 12, 1910, presented 10 cases of retrocervieal 
diverticula of the pharynx. Because of the importance of this paper to this 
subject, it is freely quoted: 

In G of the ten cases, the sac is shown in relation to tho pharynx. The 
pouch springs from the posterior wall of the pharynx, its origin situated opposite 
the cricoid cartilage. Tho sac is composed of mucous and sub-mucous coats of 
tho pharynx which have gradually evaginated between two definite parts of 
the inferior constrictor muscle. On smaller sacs and round necks of larger ones 
may bo seen scattered muscle fibers derived from the inferior constrictor. The 
two parts of the inferior constrictor are separated by the opening orifice of tho 
diverticulum (two figures shown). The lowest part is mainly attached to tho 
cricoid cartilage and serves as a sphincter to the upper orifice of the esophagus. 

Tho upper or chief part of tho inferior constrictor serves another purpose. Its 
main function is to seize a bolus of food and force it into the esophagus in the 
following manner. In deglutition, the larynx is drawn upward and forward, 
the quadrate plate of tho cricoid cartilage being thus drawn away from the pos 
terior wall of the pharjmx, so that the bolus of food may sink into the space 
between tbo quadrate plate of the cricoid and the inferior constrictor muscle. 

The moment the bolus reaches the retro-circoid space, it is seized by the inferior 
constrictor, compressed against the cricoid quadrate plate and forced past the 
sphincter into the esophagus. Apparently in the act of swallowing the upper 
sphincter of the esophagus is relaxed, but of the nervous mechanism w*» ’ ow 1 
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Killian 16 established this pouch as a protrusion of the raucous membrane 
of the pharynx, 1 cm. above the origin of the esophagus, between the oblique 
and transverse fibers of the inferior constrictor muscle in the midline, poste¬ 
riorly. 

As noted above, with enlargement of the diverticulum, it falls to one side 
of the midline, more often to the left but occasionally to the right. It lies 




TT.sr 1 _Phnrvneeal diverticula. 1 , Normal musculature of hypopliarynx, shoving the 

arrangement of inferior constrictor muscle 2 , Separation of circular and oblique divisions of 
the mtoiof consT/ictor T Small pouch { Large pouch (From Negus. V E • Pharyngeal 
Dn erticula, Brit. J. Surg., October, 19oO, Fig. 196, page 140 ) 



Volume 33 
Is umber 3 


PULSION PHARYNGEAL DIVERTICULA 


293 


In lower animals, the cricoid cartilage lies opposite the base of the skull, 
but in man it is opposite the sixth ceivical vertebra. The sense of smell is 
most important to the eainivoie and herbivore. 23 Mouth breathing is pre¬ 
vented so that all inspired air passes through the nose. The larynx approaches 
the nasopharynx and the inteival antcrioily is elosed by a large epiglottis, 
Xegus (1925). 23 Man must iely upon sight because his sense of smell is weak. 

In the dog tribe, the epiglottis with the short bioad posterior palatine 
folds acts as a valve so that all air must be mspiied tluough the nose with its 
extensive olfactory mucous membrane. Some of this air, however, is expiied 
through the mouth when the animal pants, allowing evaporation from the 
tongue. 

Thete is a space between the epiglottis and soft palate. Changes in the 
arrangement of the constlictois of the pharynx depend upon the position of 
the laiynx. The inferior constrictor muscle arises fiom the thyroid and cii- 
coid eaitilage and in man they cotnxc obliquely to reach the median iaphe. 
The median iaphe is attached above to the occiput so downwaid displace¬ 
ment of the constrictois docs not oceui. In 192o, Xegus 23 gave the most logi¬ 
cal leason for the presence of the powerful e'neopharyngeal sphincter: 

Dining respiration, the laryngeal aperture and glottis are open while the 
mouth of tlie oesoplmgus is closed. If this were not so, ns the oesophageal opening 
when rclnxed is wider thtui the glottis, more nir would enter the gullet than the 
lungs Tho sphincter when contracted exerts pull on its site of origin from the 
cricoid cartilage and thus holds hack the lnr\n\ with considerable lorce during 
tho resting phase At the beginning of the second stngc of swallowing, a sen 
xory stimulus originating in the upper postphnnngenl wall is transmitted to the 
cricopharyngeal sphincter and lends to inhibition and relaxation when a per 
istaltic wale descends from the naso pharynx to the hypopharynx 

The phmyngenl force pump propels a bolus of food to the mouth of the 
esophagus xvhen the sphincter is telexed allowing the bolus to pass into the 
esophagus 

When the sphincter relnxcv, the larynx is released It first tilth forward 
and then motes m an oblique direction upward and forward toward the hyoid 
bono and mandible As the larynx rises, its aperture is eloped by the contraction 
of the splnnctcric girdle of muscles the thyroarytenoid, ary epiglottic and mtor 
arytenoid; the last passes under the rccurxed cartilages of Santorini, which are 
tilted forward. The anterior wall of the oesophagus is attached to the tips of 
tlieso cartilages (the cartilages of Santorini) and as the cricopharyngeal 
sphincter is relaxed during this action, wide opening of the mouth of the 
oesophagus in a funnel like manner results. 

Therefore, the closure of the lartnx and the opening of the oesophagus is 
earned out by’ a simultaneous muscular process In man, the oesophagus is also 
partially’ attached to the back of the cricoid cartilage. The opening of the 
oesophagus is more restricted than in most mammals m which the cormculate 
cartilages are large and well formed affording sole support of the anterior wall 
of the oesophagus and allowing wide range of mo\ement 

In dogs, the mechanism is very efficient as fibers of the thyro ary tcnoid 
muscle pass backward and downward to blend with the longitudinal fibers of 
tho oesophagus Fig. 193, P.138 (Negus' article^). Pull on the oesophagus is 
directed mainly to the anterior wall 
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nothing. A study of the mechanism of swallowing shows why diverticula arise 
at the junction of the two parts of the inferior constrictor, between the upper 
part which acts as a force pump and the lower part which is spliincteric in ac¬ 
tion. It is between these two parts that the mucous membrane of the phar} r nx 
becomes evaginated to form diverticula. 

Professor Keitli 15 stated lie was certain that these ponehes were uncon¬ 
nected with embryologies! bronchial clefts because the youngest subject on 
record at that time was 45 years of age. 

Preparations made by the prosector William Pearson show that the diver¬ 
ticula arise where a special deep layer of the inferior constrictor ends. These 
deep longitudinal fibers have been described by the late Professor Birmingham. 
After these demonstrations were delivered, Dr. Scanes Spicer was good enough 
to draw my attention to a very remarkable paper by Prof. Gustav Killian of 
Freiberg in Annettes des Malodies de Oreille et de Larynx, 1908—34, P. S. In this 
article Professor Killian gives a full description of the upper sphincter of the 
oesophagus, of its anatomy, physiology, pathology and relationship to pharyngeal 
diverticula anticipating me in every point and proving his thesis in a more com¬ 
plete manner than I have done. (Keith.) 

Ill Harrington’s 10 series there were 107 men and 33 women, or a little over 
3 males to 1 female—which is approximately the ratio in the 28 cases when 
sex was mentioned in the article by Zesas 37 in 1906. 

Negus 25 wrote a very interesting and instructive article on pharyngeal 
diverticula. The anatomy and physiology involved in swallowing, from the 
evolutionary viewpoint, is most complete. In animals, without a pulmonary 
apparatus, swallowing is very simple. A tube surrounded by longitudinal 
and circular muscles executes peristaltic waves which propel food into the 
stomach. According to him there is no division into stages as in the lung- 
A breathing species. 

IgA At the beginning of the second stage of swallowing, the larynx rises with 
jprtlie pharynx. The thyrohyoid assists in the upward movement of the larynx 
? toward the hyoid bone. The whole pharynx is pulled up over the bolus which 
cannot retreat because of the action of the tongue and fauces with the naso- 
pharyngeal sphincter. In man, the larynx is large in relation to the pharynx. 
After the initial raising of the pharynx and larynx, a peristaltic wave is 
executed by the pharyngeal constrictors and travels downward. It commences 
in the nasopharynx and ends at the mouth of the esophagus. The bolus is 
carried through the pharynx by force pump action rather than by the pull 
of reduced pressure as was suggested by Barclay (1930) A 2 > 26 

In most animals, fibers of the constrictor muscles are arranged in a circu¬ 
lar manner. In man, the pharynx is elongated and the larynx descends into 
the neck so that the fibers of the constrictors run in an oblique direction. The 
tongue remains large and instead of lying flat in the mouth, as in the anthra- 
poid apes, it has a recurved shape so that part of it lies in the pharynx. The 
larynx is closely applied to the hyoid bone, moves with the tongue and lies 
low in the neck. 
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pnlato and epiglottis, but (man) has rendered himself liable to disabilities 
such as acquisition of pharyngeal diverticulum. With the obliquity of the in¬ 
ferior constrictor and tho horizontal direction of the crico-pharyngcus there is 
an unsupported triangular area in tho posterior -wall. During shallowing, the 
gap becomes greater with the upward movement of the pharynx and larynx. 

Tho palato* and stylo-phnryngcus muscles terminate in the lower pharynx and 
no vertical fibers reach the oesophagus. The latter, being anchored to the dia¬ 
phragm, exerts a downward pull, which has greater effect on tho posterior than 
on the anterior wall, since the latter is suspended from tho larynx. 

Negus recapitulates the factors in tiie development of a pulsion pharyn- 
geal diverticulum as follows: (a) the low position of the larynx and with it 
tho descent of the mouth of the esophagus; (b) the obliquity of the inferior 
constrictor muscle in relation to the circular arrangement of the ericopharyn- 
geus; (c) the attachment of the anterior wall only of the esophagus to the 
larynx and its wide range of motion during swallowing; (d) the active con¬ 
traction of tho cricopharyngeal sphincter and the difficulties of coordination 
of its relaxation with contraction of the pha^-ngeal force pump; (e) the lack 
of longitudinal suspension of the posterior wall of the mouth of the esophagus, 
and (f) the absence of support at the triangular area in the posterior wall. 

As everyone does not acquire a pouch, he excluded the anatomical fac¬ 
tors common to all, leaving (d) the physiologic factor that may vary, the co¬ 
ordination of relaxation of the sphincter. Although Keith, 15 in 1910, stated 
that nothing was known of the nervous mechanism of swallowing, he described 
very accurately the anatomic and physiologic basis of swallowing. He also 
accurately located the origin of the pulsion pharyngeal diverticulum in the 
pharynx between tho two parts of the inferior constrictor muscle, the upper 
force pump and the lower sphincleric portion or cricophnryngeus. 

Those of us who were fortunate enough to sec the motion picture entitled 
“Normal JMechanism of Deglutition” produced by tho Radiology Section of 
the University of Rochester and presented at the meeting of The American 
Association for Thoracic Surgery in Montreal, Quebec, in 1954, can marvel at 
the accurate observations of Killian 16 who, with his associate, von Eichen, 
studied the swallowing mechanism radioscopically with bismuth, but found 
that deglutition was so rapid that observation was incomplete. They observed 
a series of eases with the mirror (liypopliaryngoscopy) when the patients were 
endeavoring to vomit, and watched the opening and closing of the esophagus. 

It is Negus’ opinion that a pouch in its early stages is the result and not 
tiie cause of dysphagia. lie lists the causes as: 

1. Chronic inflammation of the cricopharyngeal fold or hypopharyngitis 
which leads to lack of relaxation of the sphincter. Relief may be obtained by 
dilatation. A small number of patients may, in addition, have superficial 
glossitis and the few who also have microcytic anemia are classified under 
the Plummer-Yinson syndrome. 

2. Healed inflammatory lesions of the cricopharyngeal fold leading to 
contraction and stenosis of the mouth of the esophagus with dysphagia and 
sometimes the formation of a pouch. Negus thought that dilatation should 
relieve the symptoms. 
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Man lias the stylo-pharyngeal and palato-pharyngeal muscle which termi¬ 
nate before reaching the mouth of the oesophagus until lack of elevation of the 
posterior oesophageal wall. The oesophagus is fixed below the diaphragm, exert¬ 
ing a downward pull and tends to increase the gap between the circular and 
oblique fibers of the inferior constrictor muscle during swallowing. [Pig. 2.] 
The herbivora have an efficient lateral food channel because of the mem¬ 
branous arcus palato-pharyngeus and can breathe simultaneously with degluti¬ 
tion. The arcus palato-phaiyngeus is a fold of mucosa enclosing libers of the 
muscles surrounding the aperture of the larynx and continuous in the posterior 
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2 —Pharyngeal diverticula. Human pharynx open from behind to show the elevator 
and constrictor muscles (Prom Negus, V. E : Pharyngeal diverticula, Brit. J. Surg., October, 
1950, Fig. 179, page 129.) 


direction. The larynx is thus encircled and projects into the naso-pliarynx while 
respiration is going on. In man, the palato-pharyngeal iibeis enclosed in the 
posterior pillars of the fauces do not descend as far as the hypo-pharynx and 
do not form an encircling ledge or fold, nor do they reach the mouth of the 
oesophagus as in the herbivora to assist in opening the gullet during swallowing. 

Humans gained much from the assumption of an erect posture, from a 
large pharyngeal resonator for plionation and from separation of the soft 
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closure of the rent in the esophagus with sutures even if this results in only 
temporary elosuro of the opening. Antibiotic therapy is, of course, an ini- 
portant adjustment. 

Overstreet and Ochsner- 8 reported 13 cases of traumatic rupture of the 
esophagus, 8 of which occurred at endoscopic examination. Five of these 
perforations were located by them “immediately helow the cricopharyngeus 
sphincter on the posterior wall.” 

SYMPTOMS 

The symptoms are fairly distinctive: dysphagia is described as inter¬ 
mittent and progressive; regurgitation of undigested food is frequent and 
may occur during or soon after eating, to several hours or days later; back¬ 
ward motion of the head or pressure upon the neck may propel food back into 
the mouth after it has been swallowed and lodged in the diverticulum; a swell¬ 
ing may be noted, usually on the left side, enlarging as the meal is eaten so 
that it may resemble a thyroid tumor. 

Moynihnn s< described gas developing in the pouch and escaping into the 
pharynx producing a condition first described and considered by him pathog¬ 
nomonic. "As the patient talks, movements in the neck cause an expulsion 
of gas from the pouch, and the words spoken have ‘bubbles’ in the middle of 
them or among them; there is a curious but unmistakable spluttering of air 
in and among the spoken words. The phenomenon may be produced in a very 
striking manner if the patient is asked to read continuously while a gentle 
pressure is made upon the neck.” 

Inhalation of particles of food that are suddenly expelled from the pouch 
into the pharynx brings about coughing which may be so severe that dyspnea 
and cyanosis result. "When this awakens a patient from sleep, it is naturally 
very terrifying. Inhalation pneumonia and lung abscess have been described 
which may be fatal. With increase in the size of the diverticulum, there may 
he displacement of the esophagus with so much pressure that there is inade¬ 
quate intake of food to maintain nutrition with consequent weight loss and 
inanition. Deaths have been reported from starvation. 

DIAGNOSIS 

Many writers have emphasized the dangers of perforation when employing 
blind bougienage and esophagoscopv. Following a good history and physical 
examination, adequate barium study of the pharynx and esophagus is all that 
is necessary to make the diagnosis. Lahev 17 cautioned that a semilateral view 
should be taken, as well as the anteroposterior projection, to rule out a dilata¬ 
tion of the esophagus above an esophageal web. We also take lateral 
films of the diverticulum and x-rays of the chest are routine. If the 
diverticulum is huge and there is danger of aspiration of the contents of the 
diverticulum if it is filled with barium, the use of Lipiodol rather than barium 
should be considered. The vocal cords are examined preoperatively with the 
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3. Excessive contraction of the sphincter without evidence o£ pathologic 
change. Stretching with the hydrostatic bag may give relief and delay the 
formation of a pouch. 

4. Lack of relaxation at the right moment in the second stage of swallow¬ 
ing may be due to deficiency in the sensory stimulus which originates in the 
posterior pharyngeal wall from the impact of food. The reflex arc conies 
through the pharyngeal plexus to the vagal fibers which relax the sphincter. 
The motor cells from which these fibers originate are situated in the nucleus 
ambiguus of the spinal accessory nerve. They leave the skull in that nerve 
and pass, after leaving the jugular foramen, to the ganglion nodosum of the 
vagus via the internal branch of the accessory (Negus). 28 

Rose 30 reported a large diverticulum in a 69-year-old man with a ten 
years’ history of dysphagia causing complete obstruction to the esophagus. 
This was presented as “one of the less common causes of dysphagia.” This 
was one of only 2 cases recorded at the Royal North Shore Hospital of Sydney 
in 25 years. At esophagoscopy, the esophageal lumen was represented by a 
tiny dimple high upon the anterior wall in the midline. A Wangensteen tube 
was placed into the opening under direct vision, and passed into the stomach. 
This was used for feeding. Under general anesthesia, the pouch was removed 
in one stage, transfixing the neck of the sac with ehromicized catgut. The sac 
measured 7.5 by 7.5 by 5.0 cm. Barium bolus after operation and at intervals 
of one year and two years, postoperatively, showed a small residual pouch, but 
there was no increase in the size after two years. He emphasized that a 
Wangensteen tube should always be inserted under direct vision. In a case 
reported by Harrington 10 (1945), the sac, extending down into the mediasti¬ 
num, held 825 c.c. of fluid after its removal. McGregor, 21 and Lahey 17 have 
stressed that unskilled endoscopy may cause perforation of the pouch. 

Bisgard and Kerr 5 presented a very instructive article on the surgical 
management of instrumental perforation of the esophagus. These perforations 
occur most frequently during esophagoscopy. The esophagus may be torn in 
passing the esopliagoscope above, at the cricopharyngeal pinch cock of Jack- 
son (cricopliaryngeus) or at the cardia, the diaphragmatic pinch cock (right 
crus of the diaphragm). It may occur in the process of removing a foreign 
body or in obtaining a biopsy specimen. It is of interest that the flexible 
gastroscope is the second most common offender. Blind bougienage in the 
dilatation of strictures of the esophagus is the third most common cause. 
They present 1 case that was self-inflicted, resulting from passing a stomach 
tube. In 5 cases cited by them, 3 involved the cervical esophagus. All of 
these perforations occurred during esophagoscopy. In one of these, followed 
to autopsy, the diverticulum extended from the pharyngoesophageal “junc¬ 
tion” to the lung root with a chicken bone at the neck of the diverticulum 
that had perforated the left wall of the esophagus. They emphasize that in 
instrumental perforations, the endoscopist is usually aware that perforation 
has occurred, and that no time should be lost in establishing drainage, whether 
the perforation occurs in the cervical area or in the thorax. They also advise 
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no deaths. Temporary pharyngeal fistula occurred in 5 cases and, in 3, hoarse¬ 
ness subsided in one week or ten days. In 1 patient, in whom there was hoarse¬ 
ness beforo operation, paralysis of a vocal cord resulted with continuing 
hoarseness. Postoperative dilatation was carried out in 5 patients because of 
angulation of the esophagus. Average hospitalization was less than two 
weeks, and the average time until dismissal after operation was three weeks. 
There was recurrence in only 2 eases. In 1, symptoms improved after dilata¬ 
tion, but it was thought that operation might later be necessary. A second 
operation was done in the other ease. After ten days, a pharyngeal fistula 
formed which drained for three weeks, but the wound was completely healed 
in four weeks. There was no mediastinitis. lie pointed out that there was little 
danger of mediasinitis after the one-stage operation because fistulas never de¬ 
veloped earlier than seventy-two hours after operation, when the mediastinal 
fascial planes should be walled off. In 15 of the 115 patients, the diverticula 
filled tho entire mediastinum, tint there was no indication of mediastinitis post- 
operatively in a single case. 

Many surgeons prefer local anesthesia (Harrington, 1945 10 ) but we feel 
that the advantages claimed for it are far outweighed by the relaxation and 
safety afforded by intratracheal ether anesthesia. 

The pouch should be approached from tho side it presents. In Harring¬ 
ton's 140 patients, the approach was left cervical in 116, and right cervical 
in 24. 

Mortonson, Clagett, Schmidt, and Gray 53 reported their experience with 
339 eases treated during the 10-year period, Jan. 1, 1944, through Dec. 31, 
1953, by the one-stage method with a hospital mortality rate of only 0.9 per 
cent. 

By the time the sac is large enough to distend and then spill over into the 
esophagus (the fourth stage of Lahey), posteroanterior and lateral films usu¬ 
ally show readily on which side the pouch lies. Occasionally, however, even 
in fairly large sacs, it is necessary to pass a catheter into the pouch to show 
its relation to the barium-filled gullet. (Fig. 3.) 

The approach is through a longitudinal incision along the antei-ior border 
of the sternocleidomastoid musele beginning above the level of the cricoid 
cartilage to the medial end of the clavicle. The omohyoid and sternothyroid 
muscles are retracted medially and the carotid sheath and sternocleidomastoid 
aro retracted laterally. The thyroid gland is retracted medially exposing the 
fascia investing the trachea and esophagus. The neek of the diverticulum 
is found at the level of the cricoid cartilage. Esophagoscope and bougies are 
not necessary to locate a pharyngeal diverticulum and, of course, in the hands 
of others than the expert, are dangerous. The neck of the sac is separated 
from the surrounding tissue, transfixed with chromic catgut, and excised. 
Tho stump is invaginated into the wall of the pharynx. A Penrose drain is 
placed into the former bed of the diverticulum, and the incision closed with 
interrupted catgut sutures, with Dcrmalon or cotton in the skin. Many sur¬ 
geons prefer nonabsorbable sutures in closure of the incision, but we feel that, 
in a potentially infected field, catgut is the suture material of choice. The 
drain should be removed in three or four days. 



298 


INGRAM AND POSTER 


J. Thoracic Surg. 
March, 1957 


mirror and again postoperatively as in thyroid surgery. Moynihan 24 and 
Lahey 18 both emphasized that a malignant lesion must be suspected when the 
barium-filled outline of the sac is irregular. 

We also like to inspect this region directly, because at times it is difficult 
and may be impossible to locate the esophageal orifice when it has been dis¬ 
placed anteriorly by the pharyngeal diverticulum. In order to get a catheter 
into the stomach when a large pouch deflects the esophageal opening ante¬ 
riorly, the Levine tube must be inserted under direct vision. The patient is 
fed through the Levine tube for at least one week postoperatively, if he toler¬ 
ates it. 

SURGICAL, TREATMENT 

A most complete review of the surgical treatment of pulsion pharyngeal 
diverticula was given in Lahey’s last paper. 18 Nielians 18 has been given credit 
for the first excision in 1884. In reviewing this case 37 of a man, 57 years of 
age, with both goiter and diverticulum, it was found that on Aug. 8, 1884, the 
“left-sided goiter” was removed and on Aug. 26, 1884, the diverticulum was 
excised with the thermocautery between two ligatures. After eight days, a 
fistula developed so that milk the patient drank came out of the wound. On 
the twentieth of September, approximately three weeks from the date of ex¬ 
cision of the diverticulum, sudden erosion of the superior thyroid artery oc¬ 
curred with death from hemorrhage. Wheeler 34 reported a case, in 1886, 
that he had operated upon successfully, on June 13, 1885, in which he removed 
both a large congenital lateral pharyngeal diverticulum or pliaryngocele and 
a pharyngeal pulsion diverticulum, so he must be given credit for the first 
successful excision of two of three types of pharyngeal diverticula. 

Bergmann 4 operated upon his first patient successfully, in 1890, and re- 
Di-ted it in 1892. Butlin’s 6 first case, also successful, was seen in 1890, and 
lough operation was advised several months before Bergmann operated upon 
is patient, Butlin’s patient did not submit to operation until June, 1892. In 
398, he reported his second operative case, reviewing the 6 eases he had seen 
t that time. One of these patients, a male aged 57, of Cleveland, Ohio, had 
reviously been seen by Dr. Richardson of Boston, who advised removal of the 
ouch. He was seen in consultation by Butlin with Edward F. Cushing of 
Cleveland. He was included in Richardson’s 29 review of liis experience in 1900. 

Zesas, 37 in 1906, collected a total of 42 eases in which a pulsion diverticu¬ 
lum was excised. Twenty-eight patients were men and 9 were women. The 
sex was not stated in fiive reports. Primarly healing resulted in 6; fistula 
developed in 28 but subsequently healed. There were 8 operative deaths. 

Lahey 18 presented a total of 365 patients operated upon for pulsion pharyn¬ 
geal diverticulum with follow-up on 250 for at least two and one-half years. 
As everyone knows, he was the champion of the two-stage operation. He 
recorded two deaths in 365 patients and twelve recurrences in 250 cases, or 
4.8 per cent. 

Harrington, 10 in 1945, presented a comparable number of 140 cases, in 
which a one-stage procedure was done in 115, and a two-stage operation in 25. 
In the 115 patients, on whom a one-stage operation was performed, there were 
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REPORT Or A TYPICAL CASE 

A 45*yenr*old man of Mexican extraction was admitted to the hospital on 
March 15, 1954, complaining of choking sensation in the throat toward the end 
of a meal, with regurgitation of small amounts of undigested food immediately 
after eating up to scveinl hours later. The onset of symptoms was two years 
previously and in the six months before admission they had become worse. The 
patient's wife noted that far into the night the patient would regurgitate un¬ 
digested particles of food eaten that da}. By pressing on either side of the mid- 
lino above tlie sternal notch he could elicit a gurgling sound. There had been 
no nausea but he had lost 9 pounds in two months. 



Fig. 4 .—After filling of diverticulum. tl>e barium spills Into the esophagus. 

Past history was negative except foi a cholecystectomy performed ten 
years previously. 

He had been married twenty-five years and was the father of four children. 

General physical examination was entirely negative. On fluoroscopy, the 
esophagus would not fill until the diverticulum was distended and spilled over 
into the esophagus (Lahey's fourth stage). Because the position of the diver¬ 
ticulum in relation to the esophagus could not definitely be determined, a 
catheter waft placed into the diverticulum from above which proved that it 
sagged to the left side and extended into the mediastinum to the level of the 
fourth thoracic vertebra (Pig. 3). Fig. 4 shows that after filling of the diver¬ 
ticulum, the barium spilled into the esophagus which was displaced anteriorly 
and to the right. The vocal cords moved normally. At esophagoscopy 


300 


INGRAM AND FOSTER 


J Thoracic Surg 
March, 1957 


Sweet 32 advises interrupted sutures of fine silk in the mucosa, tied on the 
lumen side. He makes the point, $vhieh is good, that the drain should not im¬ 
pinge against the pharynx at the site of the base of the excised diverticulum. 

The Levine tube, preferably placed in the stomach through the nose pi'ior 
to surgery or under direct vision just before the anesthetic is begun, should 
be used to feed the patient for the first seven days postoperatively. With 
this regimen, as in one of our patients, actual weight gain may result. Gastros¬ 
tomy is unnecessary. 



i f 



Fig 3.—Shows catheter passed into the di\erticulum from above, proving that the diverticulum 

sags to the left 


Johansson and Michas 14 reporting their results in 10 cases of “pharyngo¬ 
esophageal diverticula,” had no surgical fatality but there was one persistent 
recurrent laiyngeal nerve paralysis and a fistula occurring on the fourteenth 
day in another. There was evidence of recurrences of the diverticula by x-ray 
in 4 cases. However, these were merely bulges in the esophageal wall. There 
were no sjuuptoms of recurrences in these patients. They stated that the 
smallest spur remaining in the repair acts as a nidus for recurrence. They 
were of the opinion that, by giving water by mouth in the early postoperative 
period, the suture line would he cleansed and he more favorable than tube 
feeding. 
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esophagus, the dangci of esophagoseopy and blind bougienage is readily ap 
parent In 1 of oui patients, it w as impossible to see the opening of the esoph¬ 
agus undei dnect \ision "with the laryngoscope so that a Levine tube could 
not be passed beyond the diveiticulum into the esophagus, pieopeiatively 
The important factoi m the development of a pulsion pharyngeal divei 
ticulum, as emphasized by'Negus, is the actnc conti action of the cncophaiyn- 
gcal sphinctei and mcooidmation of its relaxation with the active conti action 
of the uppei pinnyngeal foice pump Symptoms aie ic\lcwcd The diagno 
sis depends essentially upon a good lnstoiy and physical examination and ade 
quate banum 01 Lipiodol study Preoperatne and postopeiatne \oeal coid 
examination is loutmc The histoiy of the suigical ticatmcnt is icwewed and 
the adiantages of the one stage opeiation emphasized 

Ihght operatne cases aie picscntcd of which the expcilcnce m one case 
is 1 c^ lew ed in detail 


conclusions 

Pulsion dnciticula 01 deep phaiyngal picssurc dnczticula aie entneh 
pliaiyngeal in oiigm, ansmg from the postenoi wall at the junction of the 
uppei oblique and lowei tiansveise sphinctei ic fibers of the mfenoi constzic 
toi muscle The physiologic factoi of impoitancc is the incoordination of 
relaxation of the lowei tians\eise sphinctei ic fibeis of the mfenoi constiictoi 
muscle 01 cneophaiyngeus m 1 elation to the active conti action of the force 
pump uppei oblique fibeis of the mfenoi constuctor muscle 
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local anesthesia on March 12, 1954, the esopliagoscope passed directly into the 
pharyngeal diverticulum. It was impossible to see the orifice of the esophagus 
beyond. At operation on March 17, 1954, it was impossible to pass a Levine 
tube beyond the diverticulum under direct vision. The diverticulum was ex¬ 
cised through a longitudinal incision along the anterior border of the left sterno- 
mastoid muscle. Intratracheal ether was employed. The carotid artery and 
jugular veins were gently retracted laterally. A small thyroid vein was divided 
between ligatures and the sac gently retrieved from the mediastinum. Invest¬ 
ing libers of the inferior constrictor muscle about the neck of the sac were 
sparse. The neck of the sac was cleared of this, transfixed with chromic catgut, 
and excised at the pharyngeal wall. The stump was inverted into the wall of 
the pharynx. A Penrose sheath drain was placed into the mediastinum in the 
region of the former bed of the diverticulum. The incision was closed in layers 
with interrupted sutures of catgut and Dermalon in the skin. The drain was 
completely removed on the fourth day. The incision healed per primum. On 
the first postoperative day, a small polyethylene catheter, 3 mm. in diameter, 
was placed through the corner of the patient’s mouth into the stomach. With 
this small caliber tube there was no discomfort. It was retained for seven 
days through which a nutritious diet was instilled into the stomach by continu¬ 
ous drip. During this week the patient gained several pounds in weight. 

The specimen received in Formalin in the pathology department measured 
3 by 5 by 2 cm. Histologic diagnosis was ulcerative subacute inflammation in a 
pharyngeal diverticulum. The patieut was discharged from the hospital on 
the eleventh postoperative da3'. Postoperative films on June 30, 1954, showed 
no evidence of recurrence and the patient was enjoj-ing his food. 

Thirteen other patients with pharyngeal diverticulum have been followed, 
7 of whom have been operated upon. The ages varied from 41 to 64. All of 
these patients were men. The approach was through the left side of the neck 
in all but 2. A two-stage operation was done in only 1 case. No recurrences 
have been reported; however, a complication of persistent left recurrent laryn¬ 
geal nerve paralysis has occurred once. 

SUMMARY 

Pulsion diverticula or deep pharyngeal pressure diverticula arise from 
the posterior aspect of the pharynx at the junction of the upper oblique and 
lower transverse sphincteric fibers of the inferior constrictor muscle. These 
are acquired diverticula and are characterized by having little or no muscle 
in the wall. The neck is narrow and the muscular fibers covering the pouch 
are insufficient to empty it. These diverticula may distend, obstruct, or per¬ 
forate. Killian, in 1908, established this pouch as a protrusion of the mucous 
membrane of the pharynx, 1 cm. above the origin of the esophagus, between 
the oblique and transverse fibers of the inferior constrictor muscle in the pos¬ 
terior midlin e. With enlargement of the diverticulum, it falls to one side of 
the midline, usually to the left. It lies between the prevertebral and pre¬ 
tracheal layers of the cervical fascia and may eventually enlarge so that it 
occupies the posterior mediastinum. As the sac enlarges and sags down, the 
pharynx comes into alignment with it and the esophagus appears as a longi¬ 
tudinal narrow aperture on the anterior border of the neck of the sac. As 
food and instruments pass more readily into the diverticulum than into the 



Till] ANGIOCARDIOGRAPHIC DEMONSTRATION OP SUPERIOR VENA 
CAVAL CONSTRICTION IN CONSTRICTIVJ] PERICARDITIS 

Harold A Lyons, M D ,* »7rsst jUinnis, M D \nd EmviN Grihiv, M D *** 

NiwYork, N Y 

T IIE effective treatment of constuctnc poiicaulitis is designed to libciatc 
all ciitical aieas so that the dccoitication must extend beyond the left 
bolder, light boidci, and lowci boidci, VMtli iclcase of both the mfeiioi and 
the supenoi vena cava and the base of the hcait 1 Although theie has been 
definite involvement of the venae cavac, this constriction has ncvci been 
definitely demonstiatcd by any of the diagnostic methods Except foi edema 
of the face and head noted clinically in a patient m whom constnctive pen 
carditis and supenoi vena caval involvement was found at operation, 2 no other 
report has indicated that this involvement has been demonstiatcd before 
opoxation 2 4 It is for this rcison that this report on the angiocaidiogiaplnc 
demonstration of constriction about the superior vena cava in a patient 
suffering from constuctnc pcncaiditis is presented The caval constriction 
was proved by operation It is equally important to be aide to demonstrate 
this involvement, foi Holman and ’Willett'* state that constriction of the vena 
cava may continue to be a souicc of tumble when the light heart only is 
decorticated and actual liberation of the venae cavac is disiegaulcd 

cvsf ItrPORT 

F V, a, 43 year old lute married woman, was first admitted to Kings County Hospital 
on June 3, 3955, with tJie chief complaint of shortness of breath Slio had a threes ear 
history of swelling of the legs and dyspnea on exertion During this time she was under 
treatment bv her family physician, being gi\en daily digitalis, weel 1\ diuretics, and a low 
salt diet She stated that she had had a "leaking heart” for many \ears, but a history of 
tuberculosis or significant acute infections was lacking No history of rheumatic fever was 
obtained On physical examination, she was found to have a blood pressure of 114/SO mra 
Hg, auricular fibrillation, distended cervical veins, and distant heart sounds without mur 
murs or thrills A diastolic shock was felt over the apex M issue ascites and moderate 
pretibial edema were noted A venous pressure determination was 270 to 310 mm water 
in all extremities, the systemic circulation timo was IS seconds (Dechohn) On abdominal 
paracentesis, lfi L of straw colored fluid were obtained which did not contain bacteria, 
tubercle bacilli, or malignant cells After this procedure, no abnormal abdominal or pelvic 
findings were found Fluoroscopic and roentgcnographic examination of the chest showed 
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A constricted area nround the superior \cna ca\a at its junction with the right 
atrium was demonstrated m the angiocauliogrnm (Tigs 3 A and 3B) and both right and left 
aunties were enlarged V normal sequence of filling of all chambers was present (Fig 4) 
Small areas of calcification were obsened in the \icniih of the light atrium 



\ 


2 —The roentgenkymogram showing the tjpfcal findings of constricthe pericarditis of 
lapid ventricular filling (diastolic dip) and diastolic plateau 

On Aug 4, 1955, the patient was operated on for decortication of the pericardium 
The procedure was performed from "phrenic to phrenic ’ as described by Delormes and 
later popularized by Churchill« The pericardium contained areas of calcifications one 
fairly large area of calcification was located, <ugmlicanth, just anterolateral to the right 
auricular appendage Dissection and resection of the pericardial “peel” was earned about 
this calcific plaque leaving it m situ Just cephalad to this area, at the junction of the 



LYONS, MINNIS, AND GRIFFIN 


Thor «irk Suit, 
March, 1957 


306 

moderate enlargement of the heart. The right ventricle and left atrium were believed to 
be enlarged (Pig. 1). The electrocardiogram allowed auricular fibrillation, low voltage in 
alt leads, a normal axis, and an occasional premature ventricular systolic beat. A phono- 
cardiogram showed no murmurs; however, a gallop was recorded 0.10 second after the 
second sound just below the xiphoid area, the characteristic protodiastolic sound of con¬ 
strictive pericarditis. The jugular pulse had a rapid and deep V-wavc. Roentgcnkymo- 
grams demonstrated a Tapid filling of the ventricle with a diastolic plateau (Pig. 2). 
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1 
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I 

j?\ Kt 1 .—The pofiteroanterior roentgenogram showing the abnormal cardiac silhouette. 

Pressure curves characteristic of constrictive pericarditis with right ventricular "diastolic 
dip” and plateau with end diastolic pressure above the normal range were noted on cardiac 
catheterization. Following exercise, tiie right ventricular systolic pressure did not 
rise significantly but there was a definite increase in the end diastolic pressure of the right 
ventricle. 


Table X. The Pressures Recouped at the Time or Cardiac Catheterization 



| VOL. I’ER cent 0, CONTENT [ 

MM. Jig J'RESSURE 
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superior vena cava with the right atrium, there was a definite firm constricting fibrous 
band of pericardium which was dissected in order to relieve the obstruction of the 
superior vena cava. It was this band which was described p re opera lively in the angio- 
cardiograpluc study. The patient 1ms continued to show slow but progressive improvement 
since her discharge on Sept. (», 2Po5. 



FIs'. 4 .—The five-second angiocardiogram showing the enlarged right atrium, the right 
ventricle, and pulmonary circulation opacified. One can see the flecks of calcium present and 
also note the opacification of a dilated inferior vena cava. 


DISCUSSION 

Tliis report constitutes the first preoperative recognition of a constriction 
of the superior vena cava associated with constrictive pericarditis and demon¬ 
strated by angiocardiography. Steinberg 3 has not had this experience. This 
finding was proved by operation. It is most important to note this finding 
in patients with constrictive pericarditis, for the reasons Holman 1 ' 3 has 
mentioned, to obtain a successful result for the operation. Although the 






CONGENITAL ABSENCE OP THE AORTIC ISTHMUS 
Report or a Case With Successful Surgical Repair 
Duane L. Merrill, M.D.,* Charles A. Webster, M.D.,** and 
Paul C. Samson, M.D.*** 

Oakland, Calif. 

O NE of tlic rarest anomalies of the aortic arch is complete absence of the 
isthmus, that portion of the arch between the origins of the left sub¬ 
clavian artery and of the duetus arteriosus. Functionally, this abnormality is 
the most extreme form of juvenile or prcductal coarctation. The duetus arterio¬ 
sus persists, continues on as tiie descending aorta, and is referred to by Evans’ 3 
as the “pulmonary-duetus-descending aorta trunk.” 

In a study of 200 cases of adult coarctation, Maude Abbott 2 found a per¬ 
sistent patent duetus arteriosus entering the aorta at, or proximal to, the coarcta¬ 
tion in 10 per cent. Baffes* recently reviewed 105 operative and autopsied 
eases of coarctation of the aorta of all types and found atresia of the descend¬ 
ing arch in 2 cases (1.9 per cent). In none was the isthmus completely absent. 
In a review of 19,217 routine autopsies, Evans found an incidence of all varieties 
of coarctation in 28 cases (0.13 per cent). Complete interruption of the aortic 
arch with no demonstrable connection between the arch and the pulmonary- 
duetus-descending aorta trunk was found in three instances In one of these 
(Case 22) a patent foremen ovale was present and the great vessel abnormali¬ 
ties were anatomically identical with the case to be described. Anomalous ori¬ 
gins of the subclavian arteries from the descending aorta were found in the 
other 2 cases; one had a patent interventricular septal defect. In 1918, Sewart 10 
reported one case of congenital interruption of the aortic arch and made refer¬ 
ence to 6 previously reported cases, 5 collected by Abbott, 1 and the one found 
by Evans. Sewart’s case had a high interventricular septal defect; in none of 
the others was such a defect reported. 

This report concerns a 3i/f>-ycar-oId white girl in whom this anomaly was 
found at operation and definitive repair of the lesion accomplished. To our 
knowledge, this is the first instance in which the lesion has been encountered 
in a living child and successfully corrected surgically. 

CASE REPORT 

P. R. (S. M. II #5962U) luis admitted to the Samuel Merritt Hospital by Dr. Karl 
Kennedy for study and observation on June 12, 1955. Her age was 3% years and her 
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catheterization pressure studies did not indicate an obstruction at the atrial 
inlet, the operative findings did corroborate the angiocardiographic evidence. 
This was considered to be of significance. It is this experience which points 
to the need for the use of angiocardiography as an additional preoperative 
diagnostic method. Since the maximal result of pericardiectomy may not be 
realized should such defects remain uncorrected by surgery, it is best to try 
and demonstrate them before operation. 
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weight, 28 pounds; obviously a delay in growth. A heart murmur had been present since 
birth. The mother’s pregnancy had been normal full term. The birth weight was 7 pounds. 
The child was normally active, but had always been a feeding problem. There were occa¬ 
sional respiratory infections complicated by mild asthma. Cyanosis had never been noticed, 
nor had there been evidence of cardiac failure. 

Physical examination revealed a thin, underdeveloped girl with moderate pectus carinatum. 
The blood pressure in the right arm was 160/S0 mm. Hg and in the right leg 125/80 mm. 
Hg. The heart was enlarged with the apex in the sixth left intercostal space in the anterior 
axillary line. The apical pulsation was readily palpable but without precordial heave or 
thrill. There was a loud, liarsli, low-pitclicd s 3 ’stolie murmur with maximum intensity in the 
fourth and fifth intercostal spaces 2 cm. to the left of the sternum; this murmur was widely 
transmitted over the precordium. There was a rumbling diastolic murmur at the apex. A 


Le*c/ 

X 

Mj! 

ie&d 

.lifU 

ir 

:E 

nr 

1,1 



Lead 

Vi 

1 i .j 1 

''‘S'vjs* 

i ■ 

! 1- - 

Lead 

■ p: 

* 1 1 _ 

Vi 

! * i- 


> «■ , i 

Lead 

vvy 5 

Vi 

uVVW* 

— ‘ hi 




Le&c3. 
AVt ? 


Load 
A VL 


Load 

AVF 


Loo.d 

Vf 


Load. 

Ys 


Lead 

Vt 




J*' 



i 


* 




Fig’. 1.—The preoperative electrocardiogram made on April IS, 1955. 

ntinuous murmur was heard in the left infraclavicular region with a soft diastolic com¬ 
ment, but this could not be differentiated from the murmur heard loner in the chest. The 
dmonic second sound was accentuated and split. The lung fields were clear. There was no 
ubbing of the digits; the color of the fingers and toes was compared and no visible difference 
>ted. The examination was otherwise normal throughout. 

Laboratory studies showed the hemoglobin to be 13.6 6m.; red blood count, 4.59 million; 
white blood count, 5,700 with a normal differential. An electrocardiogram shoved partial 
right bundle branch block and inversion of T-waves over the entire precordium. This was 
interpreted as presumptive evidence of right and left ventricular liypeitrophy (Fig. 1). Pre- 
operative roentgenograms of the chest are shown in Fig. 2. 

Cardiac catheterization was performed on June 13, 1955, by one of us (C. A. W.) under 
Demerol and Pentotlial anesthesia. During catheterization visible cyanosis of the toes was 
noted, while the fingers remained normally pink. The results of catheterization are shown 
in Table I. 

These data were interpreted as showing, distal to the origin of the left subclavian 
artery, a right-to-left shunt such as is seen in a “reveise flow” type of patent ductus. An 
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left lung and continued as an even larger descending aorta, this area corresponding to the 
usual location of a patent ductus arteriosus The isthmus of the aorta between the left sub 
clauan artery and the insertion of the ductus avis absent The recurrent laryngeal branch 
of the vagus nerve was identified as it hooked around the area of the “ductus”, it was then 
followed prOAimally where it appeared to ho posterior to the enlarged and tortuous sub 
clavian artery No thrill could be palpated pro\iranlly between the aorta and the pulmonary 
artery, therefore, we concluded there w is no norticopulmon lry arterj septil defect (Pig 3) 



Fig 3 —High left posterolateral incision Drawing- at operation Inset Shows method 
or repair sa, Left subclavian artery \n t left \agus nerve «a, aortic arch Ipa, left main 
pulmonary artery rn, left recurrent nerve da, descending aorta pd region of patent ductus 
at Its juncture with pulmonary artery, pa, branch of left main pulmonary artery to left lung 


Pressures recorded m the main and left pulmonary arteries were 70/37 mm Hg, mdi 
eating that there was no stenosis between these vessels The pressure m the descending aorta 
was 78/45 mm Hg When the vessel, corresponding to the 11 ductus,” was clamped the 
pressure in the descending aorta rose to 125/104 mm Hg and that m the pulmonary artery 
decreased to 63/22 mm Hg; the aorta became obviously more distended, while the pulmonai} 
artery became less so This clearly demonstrated that there was a significant blood flow, 
under relatively higher pressure, through collateral vessels from the ascending aorta and 
branches, to the descending aorta Physiologically, the pressure changes *wcre similar to 
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Table I. Data From Peeoperative Catheterization 


CHAMBER 

j OXYGEN (VOL. % ) 

| PRESSURE (MM. HG) 

Superior vena cava 

12.2 


Inferior vena cava 

8.8 


Mid-right auricle 

11.6 

3 (mean) 

Tricuspid right ventricle 

11.5 

Mid-right ventricle 

12.1 

83/18 

Pulmonic right ventricle 

12.1 


Main pulmonary artery 

12.1 

89/75 

Left pulmonary artery 

12.1 

95/74 

Right femoral artery 

13.8 

95/53 

Right brachial artery 

15.3 

120/66 

Repeat 



Left pulmonary artery 

11.6 


Main pulmonary artery 

11.8 


Pulmonic right ventricle 

10.7 


Arterial Oxygen Saturation 

Femoral artery 

Brachial artery 

84.0% 

93.0% 



incomplete preduetal coarctation seemed the most likely explanation lor the pressure differen¬ 
tial between brachial and femoral arteries; it was thought that this might also explain the 
relatively mild femoral arterial oxygen unsaturation in spite of the ductus-to-aorta shunt. 
A ventricular septal defect was suspected because of the heart murmur and the slight in¬ 
crease in oxygen content of the right ventricle over the right auricle. 

The possibility of complete preduetal coarctation with persistent ductus was discussed, 
but in the absence of clinically demonstrable collateral flow we could not adequately explain 
the relatively good saturation of the femoral artery blood. 

On June 27, 1955, exploratory thoracotomy was performed through a left posteTolateTal 
approach (P. C. S.). The anesthesia was Pentothal and nitrous oxide with oxygen. With the 
initial incision it became apparent at once that large anastomotic channels were present even 
in the subcutaneous tissues. The evidence of an extensive collateral circulation continued as 
the muscles were divided and the fifth rib removed. Upon entering the pleural cavity, the 
posterior portion of the left liiluin was examined and we were then first aware of fiercely 
pulsating vessels extending up into the neck and in the internal mammary region. There 
was a large, but relatively quiet, descending aorta. Palpation of the pulmonary artery 
showed it considerably more tense than normal and greatly enlarged. The aortic arch, left 
common caTotid, and left subclavian vessels were dissected free and the enlarged collateral 
intercostals were likewise isolated and preserved. The arch seemed to end in the subclavian 
artery. These vessels as well as an innominate branch seemed to have normal distributions 
peripherally as tested by pulse obliteration techniques. The vagus and recurrent laryngeal 
nerves were identified and gently retracted medially. 

The pericardium was entered just posterior to the phrenic nerve and the enormous 
pulmonary artery isolated. There was a diastolic thrill felt in the pulmonary artery and 
a systolic thrill felt posteriorly on the heart, most marked at the junction of the left auricle 
and ventricle. This was short and fairly sharp * No thrills were palpated either at the 
base of the heart or at the apex. The pericardial incision was carried out along the left 
pulmonary artery which seemed to empty into the descending aorta; however, no coarctate 
area could be found. 

When the entire anatomy was worked out it was seen that the main pulmonary artery 
first divided normally; then the left main pulmonary artery gave off a large branch to the 


„ nUcprvations in a patient with the. adult or postductal type of coarctation 

, SubKeciuent oh jJ.°uf a tion was extensively developed, demonstrated a similar thrill 
'+?i C otHewntr^ular junction which could be obliterated by gentle compression of the 
fleXfronarv ^artery. This thrill was attributed to increased Row and tortuosity 
which seemed to participate in the generalized collateral development. 

~ d “ 





Volume 33 
Number 3 


CONGENITAL ABSENCE OF AORTIC ISTHMUS 


317 


patient was rapidly given 200 c c of whole blood and placed in Trendelenburg- position, there 
was an immediate* return of the blood pressure to a systolic mean of 120 By this time the 
pulmonary artery pressure had fallen to 52/37 mm Hg The pericardium was closed loosely 
oier the suture line in the pulmonary artery The aortic anastomosis was covered with 
Gelfoam and reinforced with pleun small lung biopsy was tal cn The chest was closed 
in lasers with silk One right angle intcrcostil catheter was placed under water seal, the 
patient returned to the Recovery Room in gool condition In the immediate postoperative 
period she required direct 1 ir> ngo>*cop\ and tracheal aspirition ou one occasion 

For the first two weeks the clinical course was disappointing There were persistent 
low grade fever (101®, rectally), leukocytosis, anorexia, slight weight lo c s, a fall in hemo 
globin, and progressive irritability and lethargy She remained fulls digitalized and there 
was no evidence of cardiac failure Tnrlj adventitious pericardial sounds developed into a 
fullblown pericardial friction rub on and ifttr the sixth postoperative day Chest x rays 
fifteen days postopcratxvely (Fig 4) showed an increase m the heart shadow suggesting pen 
cardial fluid The rapid development of necl vein distention with pulsition and hepatomegaly 
suggested tamponade A pericardial tap yielded 40 cc of bloody fluid 

On the seventeenth postoperative dnv, anterior pericardotomy and transpleural drain 
age of the pericardial sac were done In resecting the left fifth cartilage and a portion of 
the rib Approximately 150 cc of old bloody fluid and a considerable amount of fibnn were 
removed from the pericardium 

There was an early fibrinoplastic peel over the epicardium, but it did not seem advisable 
to decorticate the heart There was, likewise, in early angioblastic and fibioblastic peel of 
1 or 2 nun thickness on the pericardial side which was removed m part The pericardium 
was closed anteriorly but widclv and dependency drained by a cruciate incision posterior 
to the left phrenic nerve lhis should have been performed at the origin tl operation instead 
of merely relying on the loose anterior closure of the pericardium for adequate drainage 
Smears and cultures of the remove! peel and fluid were negative for pyogenic organisms 
The pericardial friction rub rapidlv disappeared and on fluoroscopy the heart appeared 
much smaller Thereafter her hospital course was that of gradual improvement, and she 
was discharged Tulv 25, 1955 

During the intervening seven months the patient has gained pounds in weight 
and % inch in height The blood pressure in the logs is 130/84 mm Ilg She is considerably 
more active and alert, she tires much less readily Digoxin w is discontinued after six 
months, and cardiac compensation Ins been well maintained The patient has had a single 
respiratory infection with bronchitis There h is been little change m the lie art size since 
operation, but there is a decrease in the region of the pulmonary arttrv, and the lular vas 
cular markings have lessoned There is a persistent harsh murmur to the left of the sternum 
in the fourth interspace, suggesting the presence of a ventricular septal defect 

DISCUSSION 

Complete intenuption of the aich of the aoita is an extiemelj iaie disoidei 
Tlic persisting cuculatoiy pattern is fetal m tjpe The absent segment of aich 
may lie between the left common carotid 01 subclavian arteries, and the descend 
mg aoita at the junetuie of the ductus artenosus Tins segment develops embrj 
ologically fiom the fourth aoitic arch and the third to seventh dorsal aortic 
segments 3 8 11 The piocess of involution 01 maldevelopment can only be sur¬ 
mised, but it poses interesting considerations The subclavian vessel normally 
develops as a branch of the seventh doisal intersegments! aitery caudad to the 
sixth aortic arch (which becomes the ductus) During early embrjonic giowth 
as the heait descends, the left subclai lan shifts ceplialad to the ductus or sixth 
arch, and comes to lie in its normal relation to the left common carotid artery 
In the ease just repotted, the portion of arch between the left subclavian aitery.' 
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those found in patients with patent duetus arteriosus with pulmonary hypertension, inter¬ 
mittent reversal of flow, and predominant left-to-riglit shunt. They indicated that the 
“ductus” could and should he divided to reduce pulmonary tension and yet assure adequate 
flow to the caudal portion of the body. 

Attention was then given as to how we could best attack the lack of isthmus and it 
seemed quite logical that an anastomosis should be made between the arch of the aorta and 
the descending aorta, which once divided from the pulmonaiy artery, could be brought up 
and anastomosed to the base of the left subclavian artery; therefore, the aortic liomogratt 
which we had prepared did not seem necessary. 



i 

I i 



Fig. 4.—Posteroantenor roentgenogram of chest made fifteen days postoperatue There 
extensile bilateral pulmonary congestion The cardiac shadow is grossly enlarged as 
compared with preoperative studies and is globular in shape These changes may well he 
due to increased pericardial fluid with impending tamponade 

By using clamps across the “ductus” at the pulmonary artery and below on the 
descending aorta, the ductus was severed and the pulmonary artery was then closed with a 
continuous mattress and return oierandoier suture of No. 5 0 Deknatel silk. The edge 
of the cut aorta was beveled slightly in the other direction to give a total inside diameter 
of 12 mm. A medium sized auricular appendage clamp was placed across the junction of the 
subclavian and tlie left common carotid vessels and the subclavian artery was then com¬ 
pletely occluded by a bull dog clamp. Care was taken not to obliterate the left temporal 
pulse with the proximal clamp. A 12 mm. longitudinal incision was made at the base of the 
subclavian artery which extended up the lateral arterial wall for a short distance. The 
end-to side anastomosis was completed using continuous over and over No. 5 0 Deknatel silk, 
interrupted twice (Fig. 3, inset). Following slow removal of all the clamps there was a 
good pulsatile expansion of the descending aorta which had not been present before. During 
these maneuvers there was a moderate fall in systolic blood pressure to 80 mm. Hg. The 
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prenatal development without collateial channels Following bntli, the blood 
supply to the distal aorta continued through the ductus and the interventricular 
shunt became a souice of oxjgenatcd blood to the tiunk and legs 

Tluee factois maj hare contubuted to the development of the extensive 
arterial collateral bed demonstrated at operation (A) oxjgenated blood flowing 
left to light through the septal defect and v ra the ductus to the descending aoita 
may have allowed sufficient time to elapse ioi the development of collateials, 
(B) continued artenal unsatuiation (chionie tissue anoxia) may well have 
acted as a stimulus to collateral formation within a jcai 01 two, and (C) follow 
mg birth, persistent hjpeitension in the aicli and blanches of the pioximal 
aorta may have stimulated existing but undeveloped collateial channels to dilate 
and open 15 The finding m adult coarctation that the coionary aitcual sjstem 
shares in generalized toituositj and dilatation with other blanches of the proxi 
mal aorta is offered in suppoit of tins theory 

Repair of the lesion m the manner dcscubcd seemed most satisfactory Be 
cause the exact lesion was unsuspected pnoi to thoracotomy the technical details 
were decided at opeiation without leeouise to suggestions appearing since, m 
the liteiatuie Bailey did describe the utilization of the divided ductus to 
anastomose to the pioximal aoita m cases of preductal coarctation and suggested 
the repair of absence of the isthmus in a similai fashion Gcibodc and asso 
dates'* have reported the case of a patient with pieductal coaictation with a 
large patent ductus artcnosus and an mtiacaidiac shunt who was opeiatcd upon 
at the age of tluee months No enlarged collateial vessels weie seen It was 
possible to resect the coarctation 1'iom the base of the left subclavian aitoiy to 
just bejond the ductus, ligate the ductus at the pulmonaij aiteiv, and mobilize 
the aorta sufficiently to perform an end to end anastomosis On experimental 
grounds, Baffes has suggested the use of aoitic liomogiafts fiom the ascending 
to the descending aorta m preductal coaictation and m atiesia oi the isthmus 

Although there was minimal narrowing of the newly founed isthmus in 
the present case, this was not disturbing A slight naiiowmg of the isthmus 
is a normal finding during the first tluee months of postnatal life m 80 per 
cent of infants with noimal hearts 18 and may peisist into adult life m many 
instances We know that aoitic flow lias been improved and that the pulmonary 
hypertension has been relieved insofar as the extiacaidiae circulation is eon 
cerned Whether or not the probable interventricular septal defect will piove 
now to be a liazaid lcmams to be seen 

SUMMARY 

A report is made of the first successful operative collection of an extiemely 
rare congenital abnormality of the aortic arch In this case, the isthmus of the 
aorta w’as absent and the descendmg aoita arose fiom the left main pulmonary 
artery via a large patent ductus artenosus Theie was an unusually laige col¬ 
lateral blood flow from branches of the aortic arch to the descending aoita and 
a bidirectional but predominantly left to right shunt through the ductus The 
laige collateral flow explained the clinically misleading findings of palpable 
femoral pulses and lack of cyanosis of the toes 
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and the ductus was absent which would indicate an involution at a later em¬ 
bryonic stage after the subclavian had shifted cephalad. In 2 cases reported by 
Evans, however, the left subclavian arose from the descending aorta, and the 
absent segment extended from the internal carotid to the ductus-aortic juncture. 
This would suggest involution at an earlier stage of embryonic development. 

Complete interruption of the arch is ordinarily incompatible with a dura¬ 
tion of life longer than early infancy because of absent or poor collateral at 
birth; in fact, Bailey 7 has stated that collateral vessels are not present in ab¬ 
sence of the isthmus. In this and in other respects, the lesion, functionally, is 
the most extreme form of juvenile or preductal coarctation. Occasionally, how¬ 
ever, one sees an adult with the infantile type, or an infant with the adult-type 
of coarctation; this has prompted Bahnson 6 to suggest that, surgically speaking, 
coarctation be designated as complicated or uncomplicated. 

In the patient under discussion and in others in whom there is an interrup¬ 
tion in oxygenated blood supply to the descending aorta, it is the development 
of adequate collateral flow which sustains life. Balm and his colleagues 5 have 
discussed coarctation of the aorta as a cause of death in early infancy. They 
presented three autopsy cases in which the ductal flow was into the descending 
aorta. The collateral channels in each case were poorly developed, and they 
concluded that death resulted from left ventricular failure secondary to hyper¬ 
tension. Edwards 12 believes that one reason for the extreme rarity of absent 
isthmus is that death usually maj-' be attributed to normal rapid closure of the 
ductus in the immediate postnatal period with resultant inadequate flow to the 
descending aorta. Bal!antyne s explained the difference in the course and prog¬ 
nosis of patients with the adult and the infantile types of coarctation by stating 
that in the adult type in which there is an obstruction to the aortic flow at or 
below the ductus, it is necessary for collateral channels to be established early 
in embryonal life if the fetus is to survive in utero. In the preductal type (and 
in absence or atresia of the isthmus), adequate circulation in the distal aorta 
is maintained via the ductus and no stimulus to the establishment of collateral 
circulation exists until after birth. Usually a collateral circulation does not 
develop rapidly enough to sustain life. 10 * 17 

In the case described by Sewart the child lived for nearly forty-six hours. 
During this time it was noted that there was no cyanosis in the lower extremities. 
In view of the autopsy findings, it was suggested that sufficient oxygenated 
blood was being shunted into the pulmonary circulation through the interven¬ 
tricular septal defect, which was found to mask any clinical desaturation in the 
lower half of the body. In the 5 cases presented by Abbott, 1 and in the one 
described by Evans, no interventricular septal defect was reported. All but. 
one of these patients died in infancy, the exception living to the age of 5i/ 2 years. 
In Abbott’s cases, the ascending aorta was thin and hypoplastic. The descend¬ 
ing aorta was in each instance a continuation of a widely patent ductus arterio¬ 
sus; all patients had generalized cyanosis. Abbott explained this by assuming 
a reverse flow through the collateral bed from lower to upper aorta. 

An intracardiac shunt may well explain the survival of our patient past 
infancy. With a large patent ductus, fetal circulation was adequate for full 
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P ECTUS excavatum, or funnel clicst is a congenital, sometimes familial de 
foimity affecting the sternum and adjoining cartilages The etiology is not 
clcaily undeistood though the most commonly advanced tlicon is that fust 
suggested by AVoillez' 3 in 1S60 Ho postulated the pieseiice of a short central 
tendinous portion of the diaphragm which held the \iplnstcinal junction m a 
depiessed state that became moie pionounccd as growth occuired This tlieorv 
was strongh secouded by Brown, 3 Oschnei and DcBakej, 3 Sweet, 1 ’ and Lestei 
Biodkin, 3 however, suggested that the defoimity was due to a deficient musculai 
development of the antenoi portion of the diaphragm which is denied fiom the 
septum transveisum AVhatcvei the etiology, the deformity is psj chologicallj 
distressing to the parents, and latoi to the child It is, moie important)!, a 
severe phjsical defect that m mam instances leads to leal disability, both 
respnatoij and cardiov asculai 

INDICATIONS TOR TREVTMENT 

Until lecent jears tieatment was undeitaken on]} laielj The fust leported 
instance was that of Ludwig Mcjci 8 which was earned out m 1911 In 1913, 
Saueibruch 11 leported lus first case and he later added other cases to the liteia 
ture using slightly different techniques in each one reported Following these 
pioneei pioeedures, spoiadic lepoits appealed with mcicasing fiequencj but 
up until the time of Osehnei and DcBakej’s comprehensive review 11 m 1938, 
only 32 opeiative cases had been reported Following this study and that of 
Brown, 3 a much greatei inteiest in the suigical management of this condition 
became generally manifest It is now generally agieed that collection is 
indicated, (1) to correct the sternal dopiessiou, (2) to prevent, oi partial!} 
correct the anteroposterior flattening of the entire chest, and (3) to relieve 
dyspnea, pulmonary complications, exeicise intolerance, caidiae arrytlmuas, 
murmurs, oi other evidences of caidiopulmonai’y limitation 

Others have added to these indications, the need for eaily correction to 
prevent psychologic disturbances m the affected child All aie avvaie of the 
forthright frankness of children which can he disaiming m its simplicity oil one 
occasion while utterly devastating on another One can only imagine which 
effect childish observations of this deformity vv ould hav e on an innocent v lctnn 
It is the wonderful virtue of adaptation that leads most of us thiough emotional 
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The embryology, physiopathology, and surgical repair of this lesion are 
discussed. 
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they may be, cannot be compared with the more general benefits inherent in the 
operation at an earlier age. Elevation of the sternum in adults, for instance, 
can do nothing to correct the marked flattening of the chest which has developed 
and become fixed through the earlier years, therefore greatly augmented pulmo¬ 
nary reserve cannot be promised. 

At the other extreme is the very young infant. It has been stated repeatedly 
that surgery performed on a child under six months of age or so will be correc¬ 
tive if division of the posterior diaphragmatic attachments only is carried out, 
while more radical surgery will be necessary at a later date, even a few months 
later. I am skeptical of this idea. The more marked deformities might be 
treated by surgery in the first few months with improvement, but it is question¬ 
able if the advantages of a perhaps simpler operation are great enough to offset 
the disadvantages of this type of surgery at such a young age. Most surgeons 
prefer to delay all but emergency procedures to a time when the child is a 
better surgical risk, when all phases of his care are more easily and safely 
handled. 

There arc exceptions to all rules, but generally speaking, it is felt that 3 to 5 
years is the optimal age for the repair of pectus deformities. Moreover, many 
borderline cases in the first few months of life will, in 2 to 3 years, have com¬ 
pletely disappeared or will have developed to such a state that they can be 
selected for surgery without doubt as to the need for such surgery. 

SURGICAL TECHNIQUE 

The review of Oschncr and DcBakey covers most of the techniques employed 
in this condition. Since that time Brown, 3 Adams, 1 Dailey, 4 Lester, 7 Dorner, 5 
and others have added details or modified techniques to improve the results 
achieved. Most of these techniques and their modifications have been concerned 
with the form of fixation of the sternum. One may wedge the deformed carti¬ 
lages at their insertion or articulation with the sternum, and again at the costo¬ 
chondral juncture, and after elevation of the sternum these ribs and cartilages 
are reconstituted by suture after the method of Gross' (Fig. 3). One may or 
may not add some form of external traction to this technique. Gross does not 
feel it is necessary. 

Others, and I agree, prefer the technique of Kavitch, 10 in which the deformed 
cartilages are resected and discarded, preserving the perichondrium and the 
attachments of this and the intercostal bundles. To maintain the elevation of 
the sternum, which should actually constitute an overcorrection, some form of 
support is necessary for a period of time. Adams, Lester, Dailey, Dorner, and 
others have used a rib strut, slung under the elevated sternum. Generally, this 
is a method which has been used in adults. 

A majority of operators have depended on some form of external traction 
such as a wire loop under the sternum, which is brought out through needle 
wounds lateral to the midline incision, and attached to a metal arch or other 
rigid support. This is maintained for 2 to 3 weeks while enough tissue fixation 
takes place so that the deformity will not recur but, just as,important, will 
prevent paradoxical respiratory effort in the unstable anterior chest wall. 



322 


HOLMES 


J. Thoracic Surg. 
March, 1957 


stresses of varying types and severity, yet some succumb to these storms, and 
emerge less well balanced than their associates. Certainty, emotionally crippled 
individuals have been observed whose affliction was due, ostensibly at least, 
to this marked deformity, so it may be a point well taken to consider the emo¬ 
tional trauma to which a child with a marked pectus deformity is subjected, but 
there are such real and tangible physical reasons for advising correction, that 
we should not dwell too long on the potential psychic aspects (Figs. 1 and 2). 



Fig-. 1. Fig. 2. 


Fig. 1.—Preoperative photograph showing typical deformity in pectus excavatum. 

Fig. 2.—Lateral x-ray of chest. This shows the sternal depression better than any 
ther x-ray projection. 


With respect to the age at which such treatment should be carried out, 
there is no universal rule. There is no age from infancy to middle age when at 
least some of the undesirable features of pectus excavatum cannot be alleviated 
with considerable benefit. Yet one should have a fairly well-defined objective 
when advising the operation in adults as the benefits are limited in comparison 
to those inherent if the operation is carried out early in childhood. Elevation 
of the stern um in an adult may increase pulmonary function somewhat; it may 
alleviate cardiac compression with improvement of the circulatory dynamics; it 
may e limin ate evidences of myocardial irritability with conduction disturbances, 
and thereby rehabilitate the patient for a more useful and enjoyable life. For 
these benefits, one must be prepared to advise and carry out surgery on adults 
vet it must be emphasized that the operation in adults is a formidable one, 
fraught with technical difficulty at the time of surgery and often beset with try¬ 
ing postoperative complications. Finally, such limited benefits, desirable as 
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All of flicso techniques have given good results but, as stated previously, 
the technique of Ravitch is preferred with some form of external traction, rather 
than that preferred by Gross. As a form of support in children, external traction 
is preferred over any fixed rib support which has the disadvantage of requiring 




c. D. 

Fig. 4.—Semischematic drawings of the operative technique. A, Incision. B, Reflection 
of skin, subcutaneous layers, and pectoral muscles, exposing the rib cartilages and sternum, 
G, Incision in perichondrium, D, Peeling out deformed cartilage. (Cont’d on next page.) 


a long accessory incision to get the rib graft and, also, because such a graft, 
fixed to the ribs on cither side, could become a binding force as the child grew 
in size. 
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A B. 


Fig. 3, A and B .—Alternate method, utilizing i\ edging of ribs and sternum, but no 
resection. A, Sternum free, ready for insertion of 3/32 inch pin B, Cartilages reattached, 
after wedging, with fine wire or black silk. Pin in sternum, lnlt emerges from skin through 
separate stab wound. 



Fig 3 G .—Cross section. 
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the origin of the pectorals are reflected from the sternum and the anterior ribs (Fig. 4, A and 
B). The perichondrium is incised and stripped from the cartilages, third to the seventh 
inclusive, bilaterally. These deformed cartilages are then resected at the costochondral and 
the chondrostcrnal juncture and discarded (Pig. 4, C and D). The xiphoid which is also 
deformed, being turned sharply forward, is elevated and resected. Any limiting diaphragmatic 
attachments arc divided from this area of the lower sternum. With tho sternum thus freed, 
the real degree of backward sternal euno can be observed. In all but perhaps the very 
youngest infants, this will be sufficient to warrant an osteotomy of the sternum at the level 
of the third interspace to correct the sternal depression, or to allow an adequate degree of 
"over correction.” This osteotomy can be done in two wajs. The usual method is to cut a 
wedge of perhaps 0.5 to 1.0 cm. through tho anterior table, and beading, or actually fractur¬ 
ing, the posterior table to gain an adequate elevation of the sternum. Another method is to 
pass a Gigli saw under the sternum at the proper level and cut through the posterior cortex. 
This has no real advantage, though only one cut through the sternum is necessary here as 
the \ entrad bending of the sternum spreads tho site of the posterior osteotomy, or saw line. 



Fig 1 E-^I’ostoperathe photograph. The sternum is well elevated The wire Is attached to a 
pectoral ladder, or other scaffold, for 2 to 3 weeks. 

With the sternum then completely free and held in an elevated position, a very tiny, 
2 mm. stab wound is placed 1 to 2 cm. to either side of the incision at the level of the end 
of the sternum. Through this hole a 3/32 inch Steinmann pin is introduced with a hand 
drill. The pin passes through the small stab wound, and is made to engage the tip of the 
sternum. This pin. is slowly drilled through tho entire length of the medullary space, across 
the osteotomy site, and into the manubrium. As the osteotomy site is traversed the sternum 
is lined up so the pin will continue across the manubrial marrow space. It is thus that the 
"normal” angle is eliminated, and it is by this degree that the sternal elevation constitutes 
an "over correction.” The drill point is stopped as it is felt to emerge from the manubrial 
cortex m the suprasternal notch. The hand drill used to introduce the pin is removed from 
the hilt. 

The long operative wound is then closed with interrupted silk sutures. The instability 
of the anterior chest wall on either side of the sternum is negated by the elevation of the 
sternum This elevation in turn will be maintained by some pectoral ladder, or archlike 
support over the lower chest or the upper abdomen. Fig. 5 shows the pin in position and 
the sternum elevated after a period of traction. The wire is attached to the "ladder” which * 
is fixed to the patient's torso. The extreme tip of the protruding pin can be bent slightly 
prevent the wire slipping off, losing the traction. This elevation and external traction 




326 


HOLMES 


J. Thoracic Surg. 
March, 1957 


While external traction has been the preferred method of holding the 
sternum in the correct position, this too has carried with it some problems, at 
least on occasion. In one of my cases, the wire actually cut through the sternum 
which is rather soft in children, and the support was lost sooner than it was 
thought desirable. In other cases the wire might break. These considerations 
led me to act on a suggestion by an orthopedic colleague (Dr. James LeNoir of 
New Orleans) that a Steinmann pin be inserted through the sternum, the 
osteotomy site, and buried in the manubrium, the hilt being left long and the 
traction applied to this protruding shaft. Inasmuch as skeletal traction via 
Steinmann and other pins is such a well-tried and accepted procedure, this sug¬ 
gestion was thought worthy of trial. 



pjp 4 —Cont’d E, Cartilages all removed, %2 inch pin inserted through entire sternum, into 
manubrium. F, Shows %2 inch pin (osteotomy through posterior table). 


OPERATIVE TECHNIQUE 

The actual technique is shown in the photographs of a series of semischematic drawings 
(Fig. 4). The skin is incised in the midline, from the level of the angle of the sternum to 
a point midway between the xiphoid and the umbilicus. The skin, subcutaneous tissues, and 
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to the relative infrequency with which any one suigeon will deal v ith the con 
dition, (2) to the special pioblems imposed because of the wide mobilization of 
the anterioi chest vail necessary to elevate the depressed stermim, and (3) to 
the several methods of sternal fixation introduced, internal and external 

The piesent icpoit intioduces nothing new m the way of coireetmg the 
deformity but docs leport another simplified foim of external traction built on 
the v ell-cstablislicd principle of external tiaetion xia a Stemmimn pm This 
method aligns the elevated and ostcotomized sternum over a 3/32 inch Stemmann 
pm which penetiates the entire sternal manov space and is fixed m the manu 
bnum The free end is held suspended to a pcctoial “ladder” 01 arch by a 
vlie foi a penod of 2 to 3 weeks, at which time it is lcmoied simply by tiaetion 
on the free end 

The elevation is suie and undei acematc control until finally leleased It 
is painless to the patient and mtioduees no new liability to the destied end result 
At least no such faetois have been encounteied oi visualized 
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maintained from 2 to 3 weeks. It may not be necessary after the first ten days but the 
additional period does no harm and since there is no discomfort, it is well tolerated and 
the additional interval probably allow s further stabilization of the anterior chest wall and 
sternum. Up to ten days the external traction is considered essential because of the relative 
instability of the chest after resection of all the deformed cartilages. This, plus the “over- 
correction” compensates for the paradoxical motion present in this area if traction is 
released. The 3/32 inch pin is removed quickly and simply by twisting the pin slightly, or 
if necessary^ the hand drill can be attached and reverse-turned 1 or 2 cycles after which it 
will slip out readily. 

This operative technique has now been used three times with good results in children, 
and the entire problem and misgivings of external traction has been simplified thereby. It 
was used also on one occasion in an adult, but was removed after four days because of a 
series of inexplicable complications unrelated to the pin, and probably triggered by the com¬ 
plications of an operative pneumothorax, and a postoperative empyema, so no conclusions 
can be drawn one way or another relative to its use in adults. It does seem, however, to he 
most ideally suited to children. 



A. B. 


Fig- 6 Anteroposterior and lateral x-rays taken in the postoperative period showing 

pin in position. Wire traction applied to inferior end and suspended to wire ladder or other 
metal arch. 


SUMMARY 

It is now generally recognized that pectus excavatum is a deformity of 
considerable physiologic significance, and that anatomic correction is desirable in 
nearly all cases. 

Many techniques have been used in the evolution of a completely satisfactory 
surgical procedure, but a standardized proceduie lias been slow to appear due (1) 



Ffe. 1.-—Pinnigram showing a frozen hilum. 






CANCER OF THE LUNG 

An Analysis and Evaluation of 100 Consecutive Cases 

Clarence A. Bishop, M.D. 

Little Rock, Ark. 

A N ANALYSIS of 100 consecutive cases of cancer of the lung is presented. 

This series includes only patients seen in the five-year period from Decem¬ 
ber, 1950, to December, 1955. Though small in number, it is felt that the cases 
are quite representative. Every patient has had a complete follow-up. 

In this series, 59 patients were considered to be not operable on admission 
to the hospital. The term “operable” as used herein is defined as meaning that 
the tumor (and nodes) may be extirpated en bloc dissection without cutting 
into or through grossly visible cancerous tissue. 

Lesions were considered to be not operable when there was physical evidence 
of: (1) distant metastasis, (2) spread of the tumor to cervical lymphatics, as 
evidenced by a positive scalene node and fat pad biopsy, (3) encroachment by 
the tumor upon the earina and trachea, as evidenced by bronchoscopy and 
biopsy, (4) invasion of mediastinal structures, as evidenced by Horner’s syn¬ 
drome, tracheoesophageal or bronchoesophageal fistula, vocal cord paralysis, 
or phrenic nerve paralysis, and (5) pleural fluid positive for malignant cells. 

Lesions were considered to be not operable when there was roentgenographic 
evidence of nonresectability by planigram and bronchogram, showing: (1) a 
'frozen” hilum as evidenced by a dense hilar mass obscuring the hilar com¬ 
ponents, (2) encroachment of the tumor and metastatic nodes upon the earina 
and trachea, (3) submucosal infiltration at the earina (by bronchogram), (4) 
paratracheal nodes extending up into the root of the neck, (5) invasion of 
nediastinal structures, and (6) evidence of metastasis to the opposite lung or 
nodes (Figs. 1 through 8). 

For analytic as well as treatment purposes, the patients were divided into 
four groups: 

Group 1. —Far-advanced hopeless cases in which there were bony or other 
distant metastasis. There were 41 patients in this group. None are now alive. 
Approximately one half of the patients in this group were given nitrogen 
mustard and/or deep x-ray therapy. The mean (not average) survival time of 
this group was two months following admission to the hospital for both the 
treated and untreated eases. 

Group 2 .—In this group, patients were considered to be nonresectable, but 
without immediate evidence of distant metastasis. There were 18 patients in 

From the Surgical Service of Veterans Administration Hospital, Little Rock, Ark. 
Received for publication Feb. 14, 1966. 
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Fig 4 —Bronchogram of a recent patient deemed inoperable Planlgrams and bronchogram 
meal a frozen lillum and well demonstrated submucosal and p iratracheal infiltration 



Fig 5A—Planlgram of natlent with -vocal cord paralysis showing invasion of mediastinal 
structures Survival time was 12 months , 
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pS?lms”nd bronchogram was deemed inoperable. Survival time was 13 months 
x-ray and nitrogen mustard therapy. 


Broncho- 
Lesion by 
following 
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Fig - . 5 B .—Plamgram of a patient with vocal cord paralysis showing invasion of medias¬ 
tinal structures. Patient was treated with x-ray and nitrogen mustard. Survival time was 
13 months. 



5 c _Bronchogram (and planigTams) inconclusive of nonoperability. At surgery, 

this lesion was not resectable (frozen hilum). Post-mortem examination, in four months, 
revealed submucosal (and paratracheal) infiltration far up into trachea. 
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metastasis at present (Ail alveolai ceil caicwoma for which a lobectomy was 
done because of a low lcspuatoij iesei\e A positive biopsy was lcccntly ob 
tamed at the canna ) (Tables 1 and II) 


Tabii I Grour 4 Eesictid Cases Stub Ai.iu 


NO OP 
PATIENTS 

TIMF ( 

(\gaps) ) 

rroci nurc 

r VniOLOCi 

1 

5 

Lohcctonn 

Squamous cell carcinoma 

1 

tv. 

Lobectoni} 

Malignant adenoma 

3 

3 

Pncumonectom) 

0 it cell carcinoma 

3 


Pncumonectom} 

Epidermoid carcinoma 



Pneumonectomy 

I pidermoid cnrcinom i 

1 

IV. 

Lobectom} 

Ahcolnrccll carcinoma 

4 

1 

Pncmnom ctonij 

rpidcrmoul carunoma 

1 

1 

I oboctorm 

Adenocarcinoma 

lotnl 10 


Tmio: II Grour 4 Rlsh,tfi> Cases Not Aiive 


NO OP 
l ATI ENTS 

| TIMF 

| (MONTHS) 

1 rnocEDun 

| 1 ATIIOt 00 V 

CVLSE OF DEATH 

1 

“ 

Pneumonectomy 

Epidermoid 

carcinoma 

Cnrcinom itosis 

1 

12 

Pncumonectom} 

Epidermoid 

carcinoma 

Circinomatosis 

1 

12 

Pncumonectom} 

Epidermoid 

carcinoma 

Coronnn disease (no ew 
dcnce of carcinoma at 
post mortem t-camina 
tion) 

C ircmomatosis 

a 

S 

Pneumoncctoni} 

Epidermoid 

carcinoma 

1 

1 Meek Pncumonectom} 

Epidermoid 

carcinoma 

IIo«pital death, itclcct u,i<t 
md pneumonia 

Total 5 






DISCUSSION 

From the mean suiuval time m months, it is immediately apparent that 
best results aie obtained when the pumarj tumoi is lesected This has been 
proved or er and ovci again No fiuthei comment will be made except to sui 
mise that the fivcveai siuvival late in tins senes will not be much different 
from the many othei repoited senes 

It is equally apparent that by cxploratoiy opeiations m nomesectable pa 
tients we aie reducing the mean expectancy of life, in months, of those patients 
This is forcefully demonstrated by the less than four months mean sim iv al time 
of om patients aftei fruitless thoracotomy, whereas, a piesumably fiutlier ad 
vaneed group with obvious eontiaindieations to suigeiy survived a mean of 
ten months and m no instance sunned less than five months when suigery was 
withheld Repeating the wouls of Brantigan, "there is a great obligation to 
withhold operation on patients with signs of nonresectability ” IVe must use 
every available means to determine those lesions which are not resectable before 
exploration We cannot explore loutmely every patient with cancer of the 
lung without a reasonable and thorough evaluation of resectability befoiehand 

There is no longer any doubt that theie is a marked increase m the inei 
donee of caicinoma of the lung It behooves us not only to increase the five year 
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this group. Surgery was withheld and all of these patients were treated with 
nitrogen mustard and/or deep x-ray therapy. Seven patients are still alive, 
one for thirty months, 3 for eighteen months, one for twelve months, one for 
seven months, and one for five months. Of the 11 patients dead, the mean 
survival time was ten months, with a low of five months and a high of thirty- 
nine months. 



j 

I 


Fig. 8.—Planigram showing a frozen hilum and invasion of mediastinal struetuies. 
Note displacement of the loft main bronchus by tumor. Survival time was 39 months after 
x-ray and nitrogen mustard therapy. 

Group 3 .—In this group, preoperatively, roentgenograms were not conclu¬ 
sive of inoperability. These patients all had exploratory operations and were 
found to be nonresectable. This group, numbering 20 patients, was treated 
postoperatively with nitrogen mustard and/or deep x-ray therapy. None of 
this group is now alive. The mean survival time in 16 cases was under four 
months. Two patients survived thirteen months, one patient twelve months, 
and one for nine months. 

Group d. —Twenty-one patients in whom resection was performed. Sixteen 
of the 21 are still alive. Only one of this group has a known recurrence or 


Volume 33 
Number 3 


CANCER OF LUNG 


339 


survival rate of operable patients, but also to increase the life expectancy and 
comfort of all patients with cancer of the lung, including the inoperable ones. 
This means a stricter evaluation of patients, withholding surgery on patients 
where lesions are by roentgenograms, etc., obviously not resectable. 

There is growing evidence that dissection of, and biopsy of, nonresectable 
lesions leads to rapid and uncontrollable spread of cancer, not only in carcinoma 
of the lung, but in carcinoma of other organs as well, notably carcinoma of the 
head of the pancreas as one example. Everyone agrees that needle biopsy of 
inoperable tumors should not be done because of fear of spread of the tumor 
through the chest wall or adjacent tissue, with rapid generalized dissemina¬ 
tion. With the chest open, one cannot biopsy a lesion without opening channels 
for spread or contaminating the chest cavity. 

In this series, planigrams and bronchograms have been the most reliable 
sources of determining resectability, prcoperativcly. Planigrams in a semioblicpie 
position have, on occasion, been helpful in visualizing mediastinal invasion when 
normal vertical planigrams were inconclusive (Figs. 9 and 10). We have visual¬ 
ized bronchogenic carcinoma by broncliogram (submucosal infiltration) in a few 
cases not seen by the bronchoscopist, as well as in those eases impossible to be 
seen by bronchoscopy. Wo have been thoroughly disappointed with the use of 
routine scalene node and fat pad biopsy. A negative report has been received 
too often when the lesion was shown to be grossly not resectable by planigram, 
with metastasis to opposite lung, etc. Wo have never had a positive scalene node 
biopsy when roentgenograms were inconclusive of resectability. (Lesions that 
proved to be inoperable on exploration.) Angiocardiograms have not been used 
to determine resectability prcoperativcly. Mediastinal node biopsy has not been 
done in sufficient number to determine its value. 

It is realized that many surgeons do not consider vocal cord and phrenic 
nerve paralysis, as well as invasion of the carina and trachea, evidence of non¬ 
resectability. In the past, we have found that when those conditions were 
present, although the primary tumor was removed in some cases without leaving 
visible cancer behind, there apparently was blood-borne dissemination already 
present in every instance, as evidenced by the early appearance of metastatic 
lesions postoperativcly. Palliative resections for uncontrolled pain, abscess, 
invasion of chest wall, etc., are obvious necessities in some eases and have no place 
in this discussion. 

Symptoms suggestive of cancer of the lung, as emphasized by Ochsner and 
others, are symptoms of complications. They are late symptoms and are prob¬ 
able evidence per se of a low five-year expected survival rate. 

Surgery, to be effective, must be early. We must operate on suspicion of 
cancer. As emphasized by Itigler, Overholt, and others, it is possible to demon¬ 
strate a lesion in the lung by roentgenogram long before symptoms arise. Lack 
of a histologic diagnosis should not delay exploration when roentgenograms 
suggest cancer of the lung. Does one do harm by early exploration of (on 
suspicion of cancer) (1) hamartoma, (2) adenoma, (3) solitary : 1 -Jo’- 
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Fig. 9.—Planigram in routine position inconclusive of inoperability. Films taken else¬ 
where prior to admission were available and revealed no change in the nodes visible in the 
left hilum in five years. 

Fig. 10,—Planigram of same patient in semi-oblique position reveals large sub-carinal 
and mediastinal nodes extending to opposite (left) side. 


THE IMMEDIATE POSTOPERATIVE COMPLICATIONS OF THORACIC 
SURGERY IN PULMONARY TUBERCULOSIS 
David E Tiiomas, Lieutenant Coionte, MC, USA 
Denver, Coi.o 

introduction 

W ITH the advent of excisional singer} foi pnlnionai} tubereulosis, the 
cinplov ment of sueli modes of thei apv as cxtcnsiv e tlioi neoplasties, pnenmo 
peiitoneum, pneumothoiax, oi pluenie ciush lias waned almost to the point of 
disappeaianee 

The pioper selection of patients for singer} is m a state of flux at the 
present time Such fnetois as the t}pe of disease which is best handled b\ 
drugs alone and the incidence of relapse following ding tliorapv compaied to 
the moibiditj and mortality of suigciv must all be caiefullj weighed m making 
a decision foi or against excisional suigoiy 

Theie is a paueitj of aitides m the litciatuie dealing with the postoperative 
complications of thoiacic smgcrv in tubeiculosis and no leallv exhaustive 
anal} sis of the pi ohlem 

Rrvicvv of Rrccxr liter vture 

Francis, 1 m an evaluation of the Hist 100 cases subjected to exeisional 
suigerj at Haiefield Hospital in England, showed 90 pci cent good lesults m 
the excision of laige caseonodose lesiduals and onl} 04 pei cent good results m 
the remainder, manj of which repiesented pioblem cases with associated dif 
Acuities Thuteen fistulas oceuned in the lattei gioup and theie weie foui 
opeiativc deaths Spieads and reactivation of disease oceuned m 6 patients 
soon aftei smgeiv Some adveixe piognostic factois weie consideicd to be made 
quate tieatment, unstable disease, inadequate localization ot disease, endobron 
elntis, cavity opened at surgcij, and positive sputum 

Douglass and his colleagues" rev lewred 589 consecutive pulmonaij resections, 
of which 110 weie classified as salvage cases while the lemamdei were elective 
Sixteen deaths oecuired within sixty days aftei suigeiy, one thud of the salvage 
cases and one fifth of the elective eases were complicated No attempt to cone 
late complications with significant factois was made 

Decker and his associates 3 analyzed 355 resected and 109 ding treated pa 
tients and showed conclusively the value of surgeiy in the open positive and the 
open negative case An ov ei all 0 6 pci eent operative moi tality and a complica 
tion late of 12 pei eent for the open positive case compaied to G pei cent and 

Prom the Department of Surgery Fltzsimons Army Hospital Den\er Colo 
Recehed for publication Feb 17 195G 
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lesion, (4) lipoid pneumonia, or (5) an unexpansible atelectatic segment? (Other 
lesions besides carcinoma encountered on early surgery.) Ho w does one rule 
out cancer clinically? 

No patient over forty years of age should be discharged after a bout of 
pneumonitis without a follow-up roentgenogram of the chest. Age per se is no 
contraindication to surgery. Two of our patients still alive and well after resec¬ 
tion are now over eighty years of age, having been seventy-nine years old at 
the time of resection. 


conclusion 

1. Every available means should be used preoperatively to determine resec¬ 
tability of lung cancers. 

2. Inoperable eases without detectable distant metastasis may be palliated 
by use of nitrogen mustard and deep x-ray therapy if surgery is withheld. 

3. In explored, but nonresected cases, there should be minimal disturbance 
of involved tissue to prevent dissemination of the tumor and rapid deterioration 
of the patient. 

4. Surgery, to be effective, must be early. We must operate on suspicion of 
cancer—before symptoms arise—by detection of lesions too small to be diagnosed 
preoperatively, through routine periodic roentgen survey of the chest. 
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Table I. Distribution of Cases 



| AGE 

| 0 10 

| 10 20 

| 20.10 j 

! .10 30 | 

40 50 | 

50+ 

{ TOTAI 

Negro 

Male 

Female 

1 

1 

6 

5 

1 

4 



8 

20 

White 

Male 

Female 

1 

1 

25 

12 

21 

0 

5 

1 

2 

54 

24 

Mongolian 

Main 

Female 



1 

1 



0 

4 

Subtotal 

Mnlo 

Female 


n 

.11 

20 

24 

14 

1 

1 

62 

18 


Total 

2 

2 

51 

AH 

0 

1 

100 


Tlic 100 patients involved in this rcpoi t had a total of 146 anesthetics and 
382 pioccdures. Obviously, multiple proeedmes at one thoracotomy ai’c far from 
unusual 

Since this detailed breakdown renders the material difficult to analyze 
accurately, the eases were reconsidered on the basis of the definitive or most im 
portant procedure performed. It is admitted that this approach permits the 
entrance of the human equation and may cause the reader to consider the factor 
of bias. In order to make the study comprehensible, eases ini olviug more than 
one operative procedure at one thoracotomy arc considered together Table II 
lists all the procedures performed and Table III tabulates the most important 
procedure in each case. One can see that multiple proeedmes must bo con 
sidered together in order to have statistical significance. Also, in general, if 
multiple procedures are required, the process is more severe. Segmental plus 
wedge resections are considered separately for reasons which will become clear 
later. 


Table II. Pi.ocfiiokfs rnuonur» in 100 Cisrs 

Segmental reaction 

Lobectomy 

Thoracoplnsty 

Wedgc resection 

Decortication 

Pneumonectomy 

Monoidi operation 

Biopsy ljmpli node and lung 

unroof sinus tract and bronchopleural fistula, old 

i artial scapulectomy . 

Lxploratory thoracotomy for bronchopleural fistula or postoperative homorn'ge 

Closed intercostal tube drainage 

incision and drainage of incision 

tracheotomy 

Secondary closure of nound 

TotaF ~ —— ---- ** 


42 

2d 

14 

1 

1 

1 

1 

1 

5 


I 

1 


Having described the material and stated the oK^tvvN\ ''' 1 v * e ‘ vc 
into semantics to decide what is a complication. SVuwi coasuxer any 
deviation from an utterly smooth postoperathe eom^o.. reeessitv to 

perform a thoracentesis for a relatively small amount ot 
would have the rather ridiculous case complication tvM o. bo »«.<.* 
visualization, being so much more rc\ caling in the v‘ '■ pon u.v t 
surgeon the questionable luxury of worrying ow 
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5 per cent for the open-negative and closed-negative case, respectively, was 
shown. Jt is their conclusion that operative morbidity and mortality were not 
m any way prohibitive. Jt is interesting to note that they state that the inci¬ 
dence of significant operative complications increased in direct proportion to 
the magnitude of the resection, 

Falk and Tucker 4 reported seven deaths among 310 patients in the imme¬ 
diate suigical period. A total failure and relapse rate of 7 per cent was recorded 
and was correlated with positive sputum, open cavities, and unstable roentgeno- 
giaphic lesions. Bronchial tuberculosis was related to bacteriologic relapse, 
as was localized empyema at the site of resection and reactivation of unresected 
disease. Failures occui'red chiefly in the far-advanced group.- 

Murphy, 15 in an analysis of 133 patients undergoing segmental resection, 
concluded that patients did better if operated upon while on their first course 
of treatment; open cavities decreased the possibility of success, as did the pres¬ 
ence of positive sputum. 

Bell' 1 experienced 20 per cent expansion problems in 308 segmental resec¬ 
tions and wedge resections. He considered that most of them did not represent 
bronchopleural fistulas but rather fibrotie remaining lung or remaining lung 
which was already distended and emphysematous and not normally capable of 
expansion. His conclusions regarding treatment agree, in general, with mine. 
An interesting addendum to this article is the statement that there have been 
no postreseetion spaces in patients in the last 75 thoracotomies performed since 
adopting the technique of approximating raw surfaces. A discussion of this 
technique is to he the subject of a later article. 7 

ANALYSTS OF 100 CONSECUTIVE CASES 

A detailed analysis of 100 consecutive cases leaving the Tuberculosis Ward 
of the Thoracic Surgery Service at Filzsimons Army Hospital was made in an 
attempt to determine significant factors related to complications. This service 
offers a unique opportunity to evaluate the problem under average conditions, 
since the surgical staff is a cosmopolitan group drawn from all parts of the 
country and trained at various centers. Each surgeon is responsible for the 
postoperative care of his patients, so a variety of procedures and approaches arc 
employed. 

The clinical material is primarily military personnel on aclivc duty and 
their dependents, with a few veterans. A majority of the patients wore on the 
Surgical Service for but a few weeks or months, but one patient was with us 
for six years. For age, sex, and race distribution, see Table I. 

Patients are selected for surgery by a joint Medical-Surgical Board. I lie 
case is presented by the patient's ward officer, discussion follows, and a decision 
is reached. The criteria for surgery are not rigid, but, in general, those patients 
with large easeonodose residuals (2 cm. or over in greatest diameter), open or 
closed cavities, persistently positive sputum, severe tuberculous bronchiectasis, 
thick pleural peel, or history of reactivation, particularly after prolonged drug 
therapy, are selected for thoracotomy. Of the 100 patients, only 12 were m the 
so-called salvage category. The percentage of far-advanced eases is much smaller 
in Fitzsimons Army Hospital than in the average public-supported sanatorium. 



Volume 33 
Number 3 


COMPLICATIONS AFTER SURGERY" FOR TUBERCULOSIS 


345 


It is the general feeling that complications, particularly expansion problems, 
are more common with segmental resections. Actually, this procedure was 
employed in 34 per cent of the cases, accounted for 34 per cent of the case 
complications and 44 per cent of the expansion problems—a statistic which is 
probably significant but not imposing. Segmental plus wedge resection accounted 
for 12 per cent of the 100 definitive procedures and 50 per cent of the 12 patients 
developed complications. Six of the 8 complications were expansion prob¬ 
lems. Why this procedure should develop more complications is not readily 
determinable in view of the low incidence of complications for wedge resection 
alone. One might postulate that a wedge is often taken concomitantly with a 
segment in order to obtain disease which transects the segmental plane. Inade¬ 
quate closure of this area of additional resection would increase the possibility 
of expansion problems. The 16 eases in which multiple procedures were per¬ 
formed at one thoracotomy resulted in 4 ease complications, an incidence prac¬ 
tically identical with that for the group as a whole and a finding not in agree¬ 
ment with a previously quoted article. 3 

Complications by age, race, and sex arc listed in Table V. The 20- to 30- 
ycar bracket comprised 51 per cent of the cases and 30 per cent of the complica¬ 
tions, while the 30- to 40-year group represented 38 per cent of the eases and 
5G.5 per cent of the complications. Males account for 62 per cent of the case 
population and 65 per cent of the case complications. With 78 per cent of the 
cases, the white race accounted for 91 per cent of the complications. This 
would suggest that increasing age increases the incidence of complications. 


Table V. Majob Complications ur Age, Bace, and Sex 



| AGE 

I o-io 

I 10-20 | 

20-30 j 

30-40 | 

to 50 1 

50+ 

| TOTAL 


Male 




1 



.1 

Negro 

Female 



1 




1 


Male 



4 

9 

1 


14 

White 

Female 



4 

3 



7 


Male 



4 

10 

I 


15 

Subtotal 

Female 



5 

3 



8 

Total 




9 

13 

1 


23 


The factor of residual disease on the operated side was considered. It is 
common practice in this institution to make no attempt to extend the scope of 
the surgical procedure to include small fibrocaseous and casconodose residuals 
felt to be of no surgical significance. Forty-four patients had residual disease 
remaining and 11 of these developed complications. This indicates that remain¬ 
ing disease on the operated side docs not influence the complication rate. 
Bilateral disease may increase the complication rate slightly, since there were 10 
complicated eases in 30 with evidence of bilateral disease. Positive sputum at 
the time of surgery was present in 3 patients and 2 of these developed com plica- *- 
tions. Such a small number of cases is of no statistical significance but : 
a trend in agreement with tbe findings of Murphy. 8 
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Table III. Definitive Procedure 


Segmental resection ~j~[ 

Lobectomy 2 g 

Segmental and wedge resection 12 

Wedge resection 20 

Decortication 0 

Pneumonectomy 1 

Unroof sinus tract and bronchopleural fistula ] 

Modified thoracoplasty 1 

Mediastinal lymph node and lung biopsy 1 

Lobectomy and thoracoplasty 3 -> 

Lobectomy and segmental resection 2 

Lobectomy, wedge resection, and thoracoplasty 2 

Lobectomy, wedge resection, decortication, and thoracoplasty 2 

Segmental, wedge resection, and thoracoplasty 1 

Decortication and wedge resection * 2 f 16 

Lobectomy, decortication, and thoracoplasty 2 

Lobectomy and wedge resection 2 

Lobectomy, segmental resection, and thoracoplasty 1 

Lobectomy and decortication * ] 

Total ~100 


surgeon is not in a position to know exists. So, for the purpose of this study, 
a complication is defined as any postoperative situation which requires re-tubing 
of the chest or re-operation, is life endangering, may have serious sequelae, or 
results in death. Using these criteria, the ease complication rate is 23 per cent. 
Many of these patients had multiple complications. Table IV lists the 28 com¬ 
plications encountered by procedure. 


Table IV. Major Complications by Procedure 




| COMPLICATIONS 






EMPY- 








EXPAN- i 


EMA AND 


| 




NO. 


SION 


BRONCHO- 


SUB- 

WOUND 



OF 


PROB- I 

HEMO- j 

PLEURAL | 

1 

1 

SCAPULAR 

INFEC- 

I ATELEC- 


^ASES 

PROCEDURE 

LEM 

THORAX j 

FISTULA | 

ARREST ] 

ABSCESS ; 

! TION 

TASIS 

TOTAL 

8 

Segmental resec- 










tion 

7 

1 


1 




9 

3 

Lobectomy 

1 



1 


1 


3 

6 

Segmental and 
wedge resection 

6 


1 


1 



8 

1 

Wedge resection 

1 







1 

1 

Pneumonectomy 



1 





1 

1 

Lobectomy with 










thoracoplasty 


1 





1 

a 

1 

Lobectomy, de¬ 
cortication, 
wedge, and 








1 


thoracoplasty 









1 

Segmental, 










wedge, and 
thoracoplasty 

1 







1 

1 

Decortication and 








2 


wedge 


1 

1 





23 

[Subtotal 

1 16 

1 3 ' 

1 3 ! 

2 I 

1 1 

1 ! 

2 I 

zo 


As is expected, the expansion problems, pneumothorax, hydropneumothorax, 
and hemopneumothorax, constitute the major portion of the complications 
Minor degrees of atelectasis were frequent, but responded readily to treatment 
and did not meet the definition of a compb cation. 
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Table VIII Technical Ebrops and Accidents Related to Complications 

ERPOP OR ACCIDENT | _ COMPLICATION _ 


1 Broken gravity drainage bottle 

2 Remainin',' bronchus compromised at seg 

mental lcscction 

3 Pneumoperitoneum in right upper quad 

rant 

I Tube drainage of lienuthorax for 21 days 

5 Long bronchial stump at pneumonectomy 
0 Opcrited upon uitli skin superfn nil} in 
fectcd and while on high steroid dosage 
7 and S rube disconnected from Stcdman 
pump_____ 


Staphylococcus auieus empicma 
Expansion problem 

Air embolus, cardiac arrest, death 

Staphylococcus autcus empyema, broncho 
pleural fistula 

Mixed empyemn, bronchopleural fistula 
Mound illto-’fion, seieu. 

Expansion problem 


the piesent time, patients yyith midematoi seal bottles aie not peinutted 
indiscriminate ambulation and me tiaincd to clamp oi pmeli oft tbe tube im 
mediately if anything should happen to the giawta diainage bottle Plastic, 
unbieakable bottles would be a help 

The one death in tins senes oeenned in a patient git on pneumoperitoneum 
in the right uppei quadiant at the close of an uppot lobe segmental leseetion 
A peenluu elimning noise in the chest was noted, followed bv eatdiae ancst 
The cliost was piomptly icopened and massage staLtcd, but a spontaneous 
sustained heartbeat failed to return m spite of icpcated clectnc shocks and the 
usual ancillary measmes At autopsy, the lieait showed cudence of theimal 
mjuiy lesultnig fiom the electric shocks Tlieie was no oyidonce of tiauma to 
tbe hyei, but it was felt that the p-itient had had an an embolus, pioliably fiom 
injection of an into the In or oi some \cm in the aica Pnenmopei itoneum as 
an aid m space ohliteiation in uppei lobe leseetions was gnen up as being of 
questionable value Wien used aftei lowei lobe smgciy at tlio pxesent time, 
it is given in the left lowei quidiant of the abdomen while the patient is awake 
in order to ayoid the lncr and in oidci to appieciato untow aid occuii cnees 
more rapidly 7 

Prolonged tube diainage lias been accepted as a cause for empyema and 
oui expenence yvould indicate this is yalid As a lulc it is om practice not to 
leave a tube in the chest foi moie than 14 days, and if there is still evidence of 
an leak at tins time, opeiatne measmes for coriection are taken Failuie to 
follow this pioceduie probably lesulted in empyema aftei 21 days of closed tube 
diainage m one case 

A prey ious legime m 1949 failed to follow tlie basic suigieal tenet of 
excising the bi onchus neai the canna dm mg pneumonectomy The mey itable 
bronchopleural fistula and mixed empyema yyhich oeeuried led to a senes of 
risky 7 operative procedures yyhich eyentually closed the fistula and teiminated 
the empyema, but tbe patient is a boideilmc lcspiiatory cnpple and still has a 
positive sputum fiom lesions m the opposite lung He would ncyei have been 
selected foi excisional surgery according to oui piescnt eritena 

A scyeie yyonnd infection occuned m a patient opeiated npon yvlule on high 
coitisone dosage yyitli his skin incompletely cleaied fiom a Mertluolate dermatitis 
The error, actually 7 , yvas one of judgment, since the pioceduie was i’ i ’ 
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Salvage surgery was performed on 12 patients in an attempt to remove 
life-endangering foci of disease such as tension cavities and restore the patient 
to a status consistent with extra-institutional life. Complications developed in 
50 per cent of these patients, the increase in incidence being of a similar order 
to that reported by Douglass and his colleagues. 2 

The duration of therapy did not influence the complication rate. The 
range for all eases was 1 to 36 months with an average of 9 months, while the 
average for complicated cases was 10 months with a range of 6 to 36 months. 

It was felt that the microscopic evaluation of the degree of activity of the 
lesion might significantly correlate with the complication rate, so 46 cases were 
analyzed with the results shown in Table VI. Surprisingly, the incidence of 
complications is essentially identical in the 3 categories. 


Table VT. Correlation of Activity of Lesion With Complications 


1 

ALL CASES 

! complicated cases 

Highly active 

S 

2 

Moderately active 

IS 

5 

Slightly active and inactive 

20 

4 

Total 

46 

11 


The possible correlation of the pathologic diagnosis with an increased com¬ 
plication rate for a specific type of tuberculous lesion was sought. The statistics 
are presented in Table VII. Where there are sufficient cases to make comparison 
valid, no significant percentage differential appears. 


Table VII. Correlation of Complications With Pathologic Diagnoses 


ALL cases 

1 

COMPLICATIONS | 

PERCENTAGE 

Caseonodose 

87 

22 

25 

Caseocavitary 

33 

7 

21 

Bronchiectasis 

23 

5 

22 

Endobronchitis 

23 

6 

26 

Pulmonary emphysema 

4 

2 

50 

Tuberculous lymphadenitis 

4 

1 

25 

Chronic nonspecific bronchitis 

5 

3 

60 

Total 

179 

46 

26 


It is commonly felt that tuberculous endobronchitis is associated with an 
increased incidence of bronchopleural fistula in the early postoperative period. 
This is undoubtedly so in the grossly demonstrable lesion. The diagnosis of 
endobronchial tuberculosis in our patients was made on the basis of microscopic 
examination, often on the finding of only one minimal submucosal lesion or 
disease in the vicinity of a broncliocavitary junction. It is apparent that endo¬ 
bronchial tuberculosis so diagnosed does not increase the postoperative hazard. 

The complications related to operative and postoperative errors and accidents 
are listed in Table VIII. These are worthy of discussion, since they are so 
closely related to the human factor and subject to improvement. 

It was formerly the practice to permit patients to ambulate carrying their 
gravity drainage bottles in slings. This was discontinued when one patient 
developed a Staphylococcus aureus empyema secondary to breaking a bottle. At 
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SUMMARY 

1. One hundred consecutive cases of pulmonary tuberculosis leaving the 
Thoracic Surgery Service at Fitzsimons Army Hospital were evaluated with 
respect to postoperative complications. 

2. In 23 cases, there were 28 complications, the most frequent being expan¬ 
sion problems. 

3. The percentage incidence of expansion problems was greatest in segmental 
resections combined with wedges and slightly more common than the group 
average in segmental resections alone. 

4. Multiple procedures at one thoracotomy did not increase the incidence 
of complications. 

5. Incidence of complications increases with age. 

G. Residual disease on the operated side docs not influence the complication 
rate, but eases of bilateral disease show a slight increase. 

7. Complications arc more frequent in so-called salvage cases. 

8. Pathologic diagnosis or degree of activity of the lesion does not influence 
the complication rate; nor does the duration of antituberculous therapy. 

9. The microscopic diagnosis of tuberculous cndobronchitis in the absence 
of grossly visible endobronchial disease is not associated with an increase in 
complications. 

10. The human factor contributed to complications in S cases. It is in this 
zone that improvement should be sought most diligently. 

11. The complications increase morbidity but arc usually amenable to treat¬ 
ment and an acceptable end result is to be expected. 
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poor wound healing known to occur in the presence of high cortisone dosage 
added to the presence of organisms in the superficially infected skin and operative 
site was a combination practically assuring catastrophe. The lesson is obvious— 
do elective procedures when conditions are ideal. 

Finding the chest tube disconnected from its source of negative pressure on 
two occasions emphasizes the importance of employing tight connections supple¬ 
mented by adhesive strapping and of educating ward personnel and patients in 
the proper supervision and care of chest drainage equipment. In each of our 
cases, the condition was discovered by the surgeon and there was no way to 
determine how long it had existed. Fortunately, the resultant pneumothorax 
responded to the usual treatment and empyema did not occur. 

DISCUSSION 

Excisional surgery for pulmonary tuberculosis is far from a benign pro¬ 
cedure. The mortality rate, 1 per eent in this study, is not a deterrent, but the 
morbidity and complications are of sufficient magnitude that one must consider 
the individual ease carefully before submitting the patient to thoracotomy. 
Considering the problem just from the standpoint of postoperative complications 
in a group composed mainly of young and middle-aged adults, one may reach 
certain conclusions. 

A case complication rate of 23 per cent is not to be taken lightly. However, 
a majority of the complications responded to therapeutic efforts for their correc¬ 
tion and, in all but one patient who should not have been operated upon initially, 
a satisfactory end result was obtained. Many paid for their complication with 
a reduced vital capacity secondary to fibrosis or thoracoplasty. The salvage 
eases required more extensive surgery, were fraught with complications, de¬ 
manded the best of all concerned, but were most rewarding in that a successful 
end result represented a person who could not otherwise have been returned to 
society. 

As is so often the case, the human factor accounted for or contributed 
significantly to one third of the complications, and it is only in this sphere, as 
far as can be determined by this study, that we should expect to see improvement 
in the near future. Certainly, nothing was discovered in the evaluation of other 
factors which would influence selection of patients, operative approach, or post¬ 
operative care, in the expectation of reducing complications. 

Considering the matter in all its aspects, the complications of excisional 
surgery in tuberculosis are more a worry and concern to the doctor than a 
reason for withholding surgery from the patient with a lesion which should be 
resected. While the morbidity is increased and further operative procedures are 
often required, the end result in the treatment of complications is almost 
uniformly satisfactory. With the passage of time and further study and evalua¬ 
tion, the indications for surgery will become more clear-cut and definite. The 
complication rate may well have a definite influence in determining these indica¬ 
tions. 
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Access to the interior of the right atnum was made possible by the atrial well technique 
of Gross and associates 0 An opening was made into the left atrium by thrusting the point 
of the dissecting scissors through the fossa ovahs Using the septal punch designed by 
Griffin and Essex,*3 the interatrial septum was then completely excised 

The technique for enlargement of fcho defect is based on the anatomic relation of 
the ventral wall of the right superior pulmonary vein to the dorsal nail of the right 
atrium As illustrated dingramraatically in Tig 1, these structures are adherent and 
morgo with the posterior part of tlio interatrial septum The right superior pulmonary 
voin lies immediately dorsal to a very thick muscular horizontal ridge of tissue on the 
dorsal wall of the right atnum This prominent ndgo lying between the caval orifices is 
termed the intervenous crest* 4 (crista intcrxemens or tubercle of Lower),is and its 
inferior crescent shaped border, which deepens the fossa ov alis, is known as the superior 
limbus of the fossa ovahs In the dog, the mtenenous crest is a much more prominent 

SUCCESSIVE STEPS IN CREATION OF ATRIAL SEPTAL DEFECT 
DIAGRAMMATIC TRANSVERSE SECTION 


IE m 

Superior Posterior 



SUP. PULM. VEIN 

Fjg 1—Diagrammatic transverse section through the atria at the level of the intervenous 
crest in the canine heart The right and left atria are designated RA and LA respectively 
Panel I represents the undisturbed heart The thickened posterior margin of the right 
atrium which is part of the ventral wall of the right supenor pulmonary vein represents the 
Intervenous crest which merges with the interatrial septum itself 

Panel II The interatrial septum has been removed to produce an atrial septal defect 
Panel III Excision of the intervenous crest and the ventral wall of the right superior 
?vein has resulted m a much larger defect Note also that the uninjured dorsal 
wan oi tne right superior pulmonary vein is now the posterior margin of the defect 

structure than that which is seen m the human heart Excision of the intervenous crest 
and the ventral wall of the right superior pulmonary vein results in the orifice of the 
pulmonary vein being located at the posterolateral margin of the right atrium, and the 
tributaries of this vein, draining the apical and cardiac lobes of the right lung, then 
empty into the right atrium at its posterolateral margin The limiting margin of the 
atrial septal defect so created is composed of the cut edge of the interatrial septum 
superiorly, ventrally, and inferiority, and the left atrial orifice of the right superior 
pulmonary vein, dorsally This uninjured dorsal rim would not be likely to scar and 
hence such a defect would be Jess likely to undergo reduction in size than defects which 
were the result o± excision of the atrial septum alone 

Hemodynamic Studies —A minimal period of one week was allowed for the animals 
to recover following production of the defect Cardiac catheterization was earned-out 
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I N THE experimental surgical production of atrial septal defects the making of 
large defects and the spontaneous narrowing of small defects have been serious 
problems. As a result it has been difficult to study the effects of defects com¬ 
parable in size to human atrial septal defects over any significant period of 
time. Spontaneous closure and marked narrowing of small defects were re¬ 
ported by Martin and Essex, 1 Little and associates, 2 Dodrill, 3 Leeds, 4 and Swan 
and associates. 5 

Permanent atrial septal defects were produced by Hanlon and Blalock, 6 
the diameter of the resulting interatrial communications averaging 1.0 to 1.5 
cm., and were localized to the superior and posterior part of the septum. 
Interatrial communications were also created by Kiriluk and associates, 7 and 
Moore and Shumaclcer. 8 The defects produced by the latter group had a mean 
diameter of 1.7 cm. Both groups of investigators stressed the importance of 
complete excision of the interatrial septum in order to achieve permanent de¬ 
fects. Using the atrial well technique of Gross and associates, 0 permanent atrial 
septal defects have been achieved by Gross and associates , 6 ’ 10 Donald and 
associates, 11 and Silver and associates. 12 The majority of these studies were 
concerned with the techniques for the production and closure of atrial septal 
(defects. Little and associates 2 studied the difference in atrial pressures. While 
certain of these investigators described hemodynamics, no data are available 
to determine the changes produced over a period of time by persistent 
interatrial communications. 

This study reports a modification of previous techniques whereby large 
permanent atrial septal defects were produced in dogs and describes the 
hemodynamic effects of such lesions at intervals of one week to one year after 
operations. 

METHODS 


Surgical .—Mongrel dogs weighing 17 to 32 Eg. were anesthetized with sodium pento¬ 
barbital (25 mg./Kg.), and thoracotomy was performed through the fourth ot fifth interspace. 
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Indicator dilution curves™ were recorded by a cuvette oximeter through v Jiich the 
femoral artery blood was permitted to flow following injection of T-I824 (Evans blue 
dje) into the chambers of the heart and great vessels. Such curves, which will be re¬ 
ported in a separate study, indicated the presence of a right-to-left shunt in many instances. 

RESULTS 

Technical Success .—The procedure tvas successfully completed in 12 of 16 
animals that underwent operation. One animal died on the fifth postoperative 
day from acute left heart failure due to mitral regurgitation, the anterior 
leaflet of the mitral valve having been damaged at operation. The lemaining 
11 animals had an uneventful postoperative period. None appeared in¬ 
capacitated in any way. AVhen the animals were anesthetized prior to caidiae 
catheterization, a moderately loud systolic murmur was heard in the pulmonic 
area in about one-half of them. This was probably associated with the tachy¬ 
cardia and quiet respiration accompanying pentobarbital anesthesia. One 
animal (No. 12) developed ventricular fibrillation at the start of the eaidiac 
catheteiization procedure and died before data were obtained. Of the 11 




Fig. 2-—Relation of Aelns from the right lung and other structures to a surgically created 
atrial septal defect in a dog (No S) Killed one year after production of the defect Probes 
placed in the veins draining the apical and cardiac lobes of the right lung enter the lateral 
portion of the right atrium A probe in the diaphragmatic lobe of the right lung can be 
seen in the left atrium through the atrial septal defect The prominent intervenous crest 
<crista dlvlsens) has been completely remo\ed. In the right panel the diameters of the 
defect are Indicated by the arrows A and B (see Table I) while the length of the excised 
ventral Avail of the pulmonary vein is indicated by the arrow C 


animals examined at necropsy to date all but one (No. 7) had large septal 
defects and anatomic connection of the right superior pulmonary vein to the 
right atrium. A typical example of the anatomic findings is illustrated in Fig. 
2. Estimates at operation indicated that comparable defects were made in all 
animals except one (No. 7). This animal had a small atrial septal defect which 
measured 0.8 by 1.0 cm. This was due to incomplete excision of the right 
superior pulmonary vein area because of operative hemorrhage. Small defects 
are likely to occur when the septum is not completely excised and are most 
likely to be reduced further in size by hypertrophic scarring. 
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with each animal under pentobarbital anesthesia. An endotracheal tube with an in¬ 
flatable cuff was passed into the trachea. Intracardiac and arterial pressures were 
recorded by means of Strain gauge manometers.^ Tbe zero reference for pressure measure¬ 
ment was a point halfway between the sternum and the table top with the animal supine. 
Hie oxygen saturation of the blood samples drawn from the chambers of the heart and 
great vessels was determined by photometric 11 and manometric methods. 1 ® 

In each instance the sequence of the study was as follows: With the animal breath¬ 
ing air, the catheter was introduced via the jugular vein into the inferior vena cava, 
and blood samples were drawn through an oximeter from this position and, immediately 
following, from the right atrium and superior vena cava. Pressures were then measured 
in the right ventricle, pulmonary artery, pulmonary artery wedge, pulmonary vein, and 
pulmonary vein wedge positions. The endotracheal tube was then connected to a record¬ 
ing spirometer containing 100 per cent oxygen and providing for absorption of carbon 
dioxide on the expiratory airway. The oxygen consumption of the animal was recorded 
by means of this apparatus and, during the period of this measurement, blood samples 
were drawn from the femoral and pulmonary arteries. The catheter was then withdrawn 
from the pulmonary artery and advanced to the inferior vena cava. Blood samples were 
drawn through the curette oximeter from this location, following which the catheter was 
removed to the superior vena cava and a second sample was drawn from this site. The 
oxygen content of mixed venous blood (C u . t .b.o.)* can be expressed as 

„ 2S(ivc) + S(svc) . 

n/ji.r.B.o- — g~-(thud, 


where S(ivc) and S(svc) refer to oxygen saturation of inferior and superior caval blood, 
respectively, and C B i> is the oxygen capacity in cubic centimeters per liter of blood. The 
oxygen content and capacity (Cm>) of the blood samples drawn from the femoral and from 
the pulmonary artery were determined by the method of Van Slyke and Neill 18 with the 
modification for oxygen capacitj- of Sendroy.^ 0 Bulmonary (Q p ) and systemic (Q,) flows 
were determined according to the equations: 


Qr 



Q. 


Ds A O. “ Cij.y.E 


In these equations C P .v. 0 , = oxygen content of pulmonary vein blood (c.c./L.). 

Cp a.o. = oxygen content of pulmonary artery blood (c.c./L.). 

Cs.a.o, — oxygen content of femoral artery blood (c.c./L). 

Qu.v.b.o, = oxygen content of mixed venous blood (c.c./L.). 

Assuming that the data of Wood and Cronin^ 1 concerning the quantity of oxygen 
carried in physical solution when human subjects breathed 100 per cent oxygen, are 
applicable to the dog, the oxygen content of blood in the pulmonary vein was determined 
by adding 1.8 volumes per 100 c.c. of blood to the oxygen capacity of femoral artery 
blood. A right-to-left shunt was considered present if the difference between oxygen 
content and capacity of femoral artery blood was less than 1.6 volume per 100 c.c. of 
blood. 

On a n umb er of occasions tbe determination of values for oxygen content and oxygen 
capacity was unsatisfactory either because the oxygen capacity of samples of blood drawn 
simultaneously from the pulmonary artery and the femoral artery differed in a random 
fashion by a value greater than 0.4 volumes of oxygen per 100 c.c. of blood or because 
the oxygen content of femoral artery blood exceeded the oxygen capacity of femoral 
artery blood by more than 2.2 volumes of oxygen per 100 c.c. of blood. Under such 
circumstances the values were discarded and the studies were repeated. 


•The symbols used are adapted from those recommended by Pappenheimer and associates.” 
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months following operation were found to have an elevation of pressure above 
the value observed at three weeks and above the range obtained in the normal 
dogs. 


Table II. Intracardiac and Intravascular Pressures (mm. iig) Kecorded in 10 Docs 
Studied 1 to 0 Weeks Following Creation of Large Atrial Septal Defects 



WEEKS POST- 

EIGHT 

RIGHT j 

PULMONARY 

ARTERY 


ANIMAL 

OPERATIVE 

ATRIUM 

VENTRICLE | 

MAIN | 

WEDGE 

FEMORAL 

1 

2 

6/2 

23/2 

27/13 

9/6 

190/110 

2 

o 

5/3 

32/-1 

28/12 

12/8 

195/130 

3 

1 

10/2 

33/0 

24/13 

13/9 

200/135 

4 

o 

0/-1 

53/1 

40/15 

G/3 

230/175 

3 

2 

7/1 

47/G 

3S/15 

18/13 

190/150 

G 

2 

11/3 

49/3 

3S/J5 

13/8 

180/130 

7 

6 

7/1 

3G/0 

32/14 

11/7 

190/135 

8 

2 

G/-1 

27/-1 

24/5 

10/4 

190/135 

9 

n 

5/3 

10/2 

37/9 

12/10 

170/125 

10 

3 

9/2 

47/G 

41/20 

2G/22 

185/130 

Average 

2.4 

7/1 

39/2 

33/13 

13/9 

190/135 

13 Normal 

Average 

3/-1 

27/-1 

26/10 

7/4 

180/125 

llogl 

Itango 

0/-G 

23/-3 

20/G 

S/-4 

160/92 



to 

to 

to 

to 

to 



C/-1 

31/2 

35/20 

11/8 

235/175 


It will be noted that the average systolic pressure in the main pulmonary 
artery was less than the average systolic pressure in the right ventricle in all 
the animals. This gradient of pressure, which averaged G mm. Hg and ranged 
from 1 to 13 mm. Hg, was found between the pulmonary artery and right 
ventricle in the experimental group, whereas on the average, no significant 
gradient was found in the normal group. One of the normal dogs had a 
gradient of G mm. Hg. 

hi Kg. 3, a photographic record obtained during withdrawal of the 
cardiac catheter from the main pulmonary artery to the right ventricle, the 
abrupt increase in pressure, which amounted to 11 mm. Hg, is clearly demon¬ 
strated as the catheter passed across the pulmonary valve. In other instances 
the systolic pressure in the right ventricular outflow tract equaled the 
systolic pressure in the main pulmonary artery, but an increase in pressure 
appeared to occur when the catheter was withdrawn to the mid-right ventricle 
or when the tip lay just within the tricuspid valve. The highest right ven¬ 
tricular pressures were usually recorded in this area. The right ventricular 
diastolic pressure was normal. 

The pulmonary artery wedge pressure was slightly greater than the right 
atrial pressure. The average value (25/16 mm. Hg) for pulmonary vein 
wedge pressure (obtained from the right apical and cardiac lobe veins because 
of tlieir accessibility to a cardiac catheter) was significantly less than the pul¬ 
monary artery pressure (33/13 mm. Hg). 

In the 5 animals in which comparative data were obtained at three 
months (Table HI), an increase in the average pressure values was found. 
This increase was principally due to the change in 3 animals in which the 
values obtained on the first study were within normal limits. The absolute 
values obtained for this group at three months did not differ signifieantlv‘ ,,>, > 
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Table I. Vital Data Concerning 16 Dogs With Large Atrial Septal Defects 


1 

, 

ANIMAL 

( 

WEIGHT 

(KG.) 

KILLED OR 
DIED, WEEKS 
POSTOPERATIVE | 

DIMENSIONS OF ATRIAL SEPTAL 

DEFECTS, cm.* 

A j 

B 

1 C 



Animals Gathetericed 



1 

17.S 

52 

1.7 

1.3 

1.5 

2 

24,5 

52 

2.0 

1.8 

1.5 

3 

19.0 

0 

1.6 

1.6 

1.5 

4 

25.0 

12 

2,2 

9.2 

1.2 

5 

19.7 

51 

l.S 

1.8 

1.8 

6 

16.0 

19 

1,5 

1.7 

1 5 

7 

17.0 

6 

o.s 

1.0 


8 

24.5 

44 

1.0 

1.4 

1.1 

9 

32.0 

44 

2.6 

2.0 

1.0 

10 

21.7 

Still alive 





Animals Surviving Operation But Not Studied 


11 

20.0 

1 

3.0 

2.0 

1.0 

12 

19.0 

3 

2.0 

1.7 

1.5 


Animals Failing to Survive Operation 



13 

IS.5 During opera- 

3.0 

3.0 

1.5 



tion 




14 

20.0 ) Less than 24 

3.0 

3.0 

1.5 

15 

i9. s y 

hrs. after 

2.5 

2.5 

1.5 

1G 

18.5 j 

operation 

2.5 

2.0 

1.0 


*See Fig;. 2 for representation of A, B, and C. A is the vertical (cephalocaudal) and 
B is the horizontal (dorsoventral) dimension. C is a measurement of the longitudinal axis 
of the exposed floor of the right superior pulmonary vein and represents the lateral distance 
from the location of the atrial septal defect to the point at which the vein enters the right 
atrium. 

Measurements of the atrial septal defect proper and the floor of the right 
superior pulmonary vein are given in Table I. The difference between the 
animals that failed to survive the operation and the remainder suggested the 
possibility that the defects decreased in size in the first four weeks following 
operation. 

Hemodynamic Effects .— 

Demonstration of arterialization in right atrium: By means of a cuvette 
oximeter, 17 an instrument of high relative accuracy, the oxygen saturation of 
samples of blood drawn in rapid succession from the inferior vena cava, right 
atrium, and superior vena cava could be determined. "With this sampling tech¬ 
nique it was demonstrated that the oxygen saturation of blood in the right 
atrium exceeded that of mixed venous blood in 13 of 14 animals studied. The 
average values for oxygen saturation of blood from the inferior vena cava, 
superior vena cava, and right atrium were 74, 84, and 89 per cent, respec¬ 
tively, while the animals breathed room air, and 92, 96, and 96 per cent, 
respectively, while the animals spontaneously breathed pure oxygen. 

Pressures: The values for intracardiac and intravascular pressures in 
each animal are given in Table II. For comparison, the average values for a 
group of normal animals studied by the same techniques and under similar 
conditions were assembled. The majority of the animals in the atrial septal 
defect group had elevated pressures at the first postoperative catheterization. 
Six of the animals were found to have right ventricular systolic pressures 
greater than the range found in normal dogs. In 4 of the animals the pres¬ 
sure was within the range of normal. However, 3 of these animals at three 
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Table IV. Pulmonary and Systemic Flow Values and .Magnitude of Intkacardiac 
Shunts in S Animals Breathing 100 Per Cent Oxygen Studied 1 to 3 Weeks 
Following Production of the Atrial Septal Defect* 


ANIMAL 

LITERS PER 

MINUTE | 

SHUNTS, 

c /o 

PULMONARY FLOW j 

SYSTEMIC FLOW | 

L -> R | 

R —> L 

1 

6.5 

4.1 

54 

27 

o 

6.2 

6.9 

39 

45 

. 3 

4.2 

5.2 

32 

29 

4 

16.3 

4.2 

74 

0 

5 

7.0 

4.5 

44 

13 

6 

6.8 

3.0 

56 

0 

8 

4.4 

4.4 

0 

0 

9 

3.6 

3.9 

3 

10 

10 

7.2 

6.3 

40 

32 

Average 

6.9 

4.7 

36 

17 


•Average value for cardiac output in 13 normal dogs of comparable weight (20.0 Kg,), 
breathing 100 per cent oxygen, was 3.2 X.. per minute (range 3.8 to 4.4 L/min.) 


monary flow was considerably elevated and the systemic flow was moderately 
elevated above the average for a group of normal dogs. The values showed 
a wide variability. In most instances the pulmonary flow was much greater 
than the systemic flow, indicating the presence of a left-to-right shunt, but 
right-to-left shunts were also calculated in many of the animals. The average 
left-to-right shunt was 3G per cent of pulmonary flow, and the average right- 
to-left shunt was 17 per cent of systemic flow. 

"While the animals were breathing 100 per cent oxygen from the recording 
spirometer, it was noted that large fluctuations in intracardiac pressure oc¬ 
curred, indicating a considerable variation in intrapleural pressure with 
respiration. Since this circumstance might well alter the magnitude and 
direction of intracardiac shunts, further calculations were undertaken. Uti¬ 
lizing the value for oxygen consumption obtained while the animals breathed 
100 per cent oxygen and the values for oxygen saturation of the blood from 
the pulmonary and femoral arteries and the mixed venous blood while the 
animals were breathing air, estimates of pulmonary and systemic flows were 
made. Under this circumstance the pulmonary flow averaged 7.6 L. per minute 
and the systemic flow 3.0 U. per minute, and the magnitude of left-to-right 
and right-to-left shunts was 51 and 6 per cent, respectively. It would seem 
that these values might better represent the more usual dynamic situation 


Table V. Average Change in Flow Values and Intra cardiac Shunts From 10 Studies at 
3 and 10-12 Months Following Creation of Atrial Septal Defect. Expressed 
in Absolute Values and Percentage of Change 



—— "mil nl —— 

BREATHING AIR 


1 PULMONARY 


SHUNT, % | 

SHUNT, % 

NUMBER 

FLOW 

FLOW i 

L -4 P. | 

R L I 

L —» P. 

R —» L 

OF 

| MM. | 

MM. 


MM. 1 | 

MM. I | 

MM. I 

Mar. I 

ANIMALS 

1 Hg | % 


% 

Hg 1 % , 

he 1 % 

Hg 1 % 

Hg 1 % 


At 3 Months 

5* +0.3 4 -0.1 2+4 7 -3 17 -10 21 +8 100 

At 10AS Months 

5t +2.1 38 +1.3 31 +8 28 -10 52 ' -10 22 +1 


♦Animals 1, 2, 4, 5, and 6. 
fAnimals 1, 2, 5. 8, and 9. 


;?» - 


12 ■*******■».. 
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PRESSURE RECORDINGS OBTAINED DURING WITHDRAWAL OF 
CARDIAC CATHETER FROM PULMONARY TRUNK TO 
OUTFLOW TRACT OF RIGHT VENTRICLE 


— 200 -| 
FEMORAL 
ARTERY 150 


(Dog —16.5 Kg., Atrial Septal Defect) 

IS- 

-M 


£ 

s' 

e 

i 

& 

§ 

to 

I 


100 —' 



RESPIRATION 


3 0 CATHETER 
PRESSURE 
mm, Hg 


20 - 


SUPERIOR 
VENA CAVA 

j ~ s , CN jctr-rir -r[TjrT^ ecg 

Fig. 3 .-—Photographic record of simultaneous pressures in the femoral artery, pulmonary 
artery, and superior vena cava. A cardiac catheter located just above the pulmonary valve 
was withdrawn under fluoroscopic control at the signal on the base line until it lay just 
below the pulmonary valve. Note the abrupt change in the svstolic pressure as the catheter 
entered the right ventricle, in the absence of any change in heart rhythm or femoral artery 
blood pressure. 


from the values obtained at the first study in the majority of the animals. 
There was no further change in the average values of the pressure in the 
animals studied ten to twelve months postoperatively (Table III). 


Table III. Change in Average Intracardiac and Intravascular Systolic Pressures in 
Animals Studied 3 Months and 10-12 Months Postoperatively 



right 

RIGHT 

; pulmonary artery | 

i 


NUMBER 

atrium 

VENTRICLE 

| MAIN | 

WEDGE 

femoral 

OF 

ANIMALS 

MM. 

Hg 

% 

MM. 

Hg 

% 

| MM. 
i Hg | 

j 1 

1 % 1 

MM. ! 
Hg 1 

% 

MM. 

I H e 

i 

i % 


At 3 Months 

43 + 7 17 +S 23 0 0 +5 2 

At 10-12 Months 

14 +10 24 +8 23 -1 -9 +7 3 

♦Animals 1, 2, 4, 5, and 6. 

fAnimals 1, 2, 5, 8. and 9. 

Pulmonary flow, systemic flow, and intracardiac shunts: The values for 
pulmonary and systemic flow, and magnitude of intracardiac shunts for the 
group of 9 animals studied while breathing 100 per cent oxygen one to three 
weeks following operation are given in Table IV. The average value of pul 


5* +3 

5t +1 
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to those just described. This gradient has also been found in cases of atrial 
septal defect in the human being” and is thought to be related to an increase in 
the volume of pulmonary flow. 

The pulmonary artery wedge pressure exceeded the right ati'ial pressure 
in all instances. Although in certain comparisons there was a close agreement 
in the values obtained, there were large discrepancies in others. These find¬ 
ings are in agreement with those of Iladdy and associates 27 in the dog and 
differ from those of Connolly, ICirklin, and Wood, 25 who demonstrated sub¬ 
stantial agreement between pulmonary artery wedge and right atrial pres¬ 
sures in human patients. Furthermore, in the present study, agreement was 
not found between the pulmonary vein wedge pressure and the pulmonary artery 
pressure. 

SUMMARY 

1. Large permanent atrial septal defects were produced in dogs by excision 
of the ventral wall of the right superior pulmonary vein and the adherent 
dorsal wall of the light atrium in addition to complete removal of the inter¬ 
atrial septum. 

2. Intravascular and intracai-diae pressures were elevated soon after pro¬ 
duction of the defect and showed no further change beyond three months 
postoperatively. 

3. A gradient of pressure was found between the pulmonary artery and 
the right ventricle. 

4. High pulmonary flow values, moderately large left-to-right shunts and 
small right-to-left shunts were demonstrated. No progressive increase in 
magnitude of left-to-right shunt or in the pulmonary artery pressure oc¬ 
curred in the months following creation of the defect. 
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than the figures given in Table IV. Similar estimates on the change in flow 
values showed a fall of 10 per cent in the magnitude of left-to-right shunt at 
three months, which was persistent at twelve months (Table V). 

COSI3IENT 

When the teelmiques described in this paper were followed, satisfactory 
defects were produced which persisted in every animal. It is likely that some 
postoperative narrowing of these defects occurred, for the dimensions of the 
defects in animals which failed to survive the operation were greater than the 
dimensions of the defects in animals killed at intervals following operation. 
In all but one of the animals (No. 7) exactly the same surgical technique was 
used, so that it is likely that the difference between these two groups is the 
result of narrowing of the defect. 

The preparation obtained cannot be regarded as simply an atrial septal 
defect, for the veins of the apical and cardiac lobes of the right lung now con¬ 
nect directly with the posterolateral margin of the right atrium proper. This 
does not invalidate considerations of the effects of such a defect relative to 
those of atrial septal defect seen in the human being. 23 Clinical eases of 
atrial septal defect have been seen in which a similar anomaly was found at 
operation. Furthermore, in the more usual type of atrial septal defect seen 
in the human patient, a greater proportion of blood from the right lung than 
from the left lung is shunted left to right. 24 The experimental preparation 
just described results in an anomaly the dynamic features of which closely 
simulate those in many cases of human atrial septal defect. 

As indicated in an earlier section of this paper, an increased airway resist¬ 
ance produced by the recording spirometer for the measurement of oxygen 
uptake was considered likely. Calculation of the proportion of the left-to-right 
shunt while the animals breathed air indicated that the shunt was greater 
, tinder this circumstance than while the animals breathed oxygen. This find¬ 
ing is contrary to observations made in many human patients in which oxygen 
has never been found to decrease the magnitude of the left-to-right shunt but 
usualty causes a considerable increase. The data indicated that there is no pro¬ 
gressive increase in the magnitude of the left-to-right shunt in the months 
following creation of the defect. 

All the intracardiae pressures showed a moderate increase, which was 
usually present on the first study but was occasionally not seen until three 
months had elapsed. No further change in pressure appeared to occur beyond 
this time. As in human subjects with atrial septal defects, a difference in pres¬ 
sures has been frequently noted between the main pulmonary artery and the 
chamber of the right ventricle. In most instances this gradient of systolic pres¬ 
sure was noted when the catheter tip was moved from the outflow tract of the 
right ventricle to the region just within the tricuspid valve. In a few instances 
the pressure change occurred at the pulmonary valve itself. This variation 
in systolic pressure within the right ventricle has also been described in dogs 
with ventricular septal defect by King and associates 25 with findings similar 
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introduction 

A RMORED vests worn by combat personnel in the Korean War were highly 
effective in pi-eventiug injury from low velocity missiles. The 2 patients 
discussed in this report had the only cardiac wounds seen in an unseleeted 
group of 2,000 battle casualties treated at a forward surgical hospital in Korea. 
Both patients were Koreans, and were not wearing armored vests. One patient 
was a problem in the diagnosis and treatment of acute cardiac tamponade, 
cardiac hemorrhage, cardiac arrest, and embolization of an intracardiac foreign 
body to a peripheral artery. The other patient had a cardiac tamponade from 
wounds of both ventricles. 

The largest series of cardiac injuries in World War II was reported 
by Samson,' who described experiences with 57 cardiac and 18 pericardial 
wounds. The cardiac injuries included 2G myocardial contusions, 10 lacerations, 
19 perforations, and 2 wounds associated with embolization of the missile. 
The symptoms in most cases were those of shock. Cardiac tamponade was 
present in only 5 patients. Chest roentgenograms often did not show a small 
intracardiac foreign body because of the density of the heart shadow. A 
diagnosis of a cardiac wound was not made in 15 of the 57 patients before 
autopsy. Many of the cardiac wounds in the other 47 patients were first 
recognized during a thoracotomy performed because of the associated chest 
injury. A total of 29 cases of myocardial lacerations and perforations were 
found at thoracotomy. Sixteen of these wounds were sutured, but 11 did not 
require any sutures; 2 patients died of uncontrollable hemorrhage. The prog¬ 
nosis was most closely related to the extent of the myocardial contusion. 
Twenty deaths occurred in the 57 patients with cardiac wounds; 11 of these 
were from the extent of the myocardial injury, 4 from hemorrhage, and 2 
from tamponade. The prognosis after the first postoperative day was favorable, 
for only 3 of the 20 deaths occurred after this time. Hillsman 2 reported 2 
survivors in a group of 4 patients with cardiac wounds in whom a myocardial 
laceration was sutured. Shock was present in each patient, but tamponade was 
not observed. 

Cardiac wounds in civilian practice have been reported by several authors. 
The largest groups of patients reported are tabulated in Table I. The injuries 
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Anesthesia was begun with Pentothal and succinylcholine, and maintained with ether 
and nitrous oxide. The left chest was opened through an incision in the fifth interspace 
anteriorly. There was a total of about 500 ml. of blood in the pleural cavity. The 
pericardium was distended with blood. Two small lacerations on the anterior surface 
of the pericardium were sealed by blood clots. Tho pericardium was opened, and about 
200 ml. of tightly packed blood clots removed. Two myocardial lacerations were present, 
each about 1 cm. in diameter. One was in the anterior wall of the right ventricle, and 
the other in tho wall of the left ventricle near the apex. The right ventricular wound 
was bleeding slowly. The left ventricular wound spurted blood with each systolic con¬ 
traction. Each wound was repaired with interrupted sutures of medium silt tied over a 
strip of Gelfoam. The pericardium was partly closed, and the chest wall was closed in 



Pig:. 2. Chest roentgenogram of Case 2. posteroanterior view'. Two small mortar fragments 
are barely visible within the cardiac shadow. 

layers with interrupted silk sutures. An intercostal drainage catheter was placed posteriorly 
in the seventh interspace. The multiple small wounds of the extremities were d^brided 
and packed with gauze. The patient received 1,500 ml. of blood during the operation. 
At the end of the operation the blood pressure was 100/60 mm. Hg. 

The patient had an uneventful postoperative course. Chemotherapy included penicillin, 
streptomycin, and tetanus toxoid. A low' grade fever subsided by the tenth postoperative 
day. The urinary output was normal. An electrocardiogram on the second postoperative 
day was interpreted as showing evidence of diffuse myocardial injury. Subsequent electro¬ 
cardiograms showed a gradual return to normal. The foreign bodies were localized by 
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lower lobe of the lung was diffusely hemorrhagic, but no laceration was identified. No 
other wound of the heart could be found. The pericardium was partly closed, and the chest 
nail closed in layers with interrupted silk sutures. The pleural cavity was drained until 
tubes placed through intercostal stab wounds. The abdominal incision was closed with a 
single row of interrupted figure-of-eight steel wire sutures. The missile wounds in the chest 
wall were debrided and packed loosely' with gauze. Two thousand milliliters of blood were 
given during the operation, which lasted two hours. 

The postoperative treatment included the administration of penicillin, streptomycin, 
and tetanus toxoid, and bed rest. The patient was awake two hours after operation and 
showed no abnormal neurologic signs. A chest roentgenogram the next day showed complete 
expansion of the lungs and two 1.5 cm. metallic foreign bodies. One was located at the 

periphery of the right lung field at the level of the second rib posteriorly, and the other 

was in the periphery of the left lung field at the level of the tenth rib. The chest roent¬ 
genogram is reproduced in Fig. 1. No pulse or blood pressure could be obtained in the 

right arm, but there was no evidence of circulatory insufficiency. The urinary output was 
nqrmal. 

The patient had a persistent fever in the early- postoperative course, with daily ele¬ 
vations of 102° to 104° E. Daily red blood cell counts showed a progressive decrease from 
5.7 million cells per cubic millimeter on the first postoperative day to 2.7 million on the 
fifth postoperative day, at which time the hematocrit was 27 per cent. The white blood cell 
counts were 13,000 to 16,000 cells per cubic millimeter. Blood transfusions of 500 ml. 
each were given on the sixth and seventh postoperative days. The fever, anemia, absent 
right radial pulse, and location of the foreign body in the right supraclavicular area led 
to a diagnosis of foreign body embolism from the left ventricle to the right subclavian artery-, 
with a secondary septic endarteritis. No blood cultures were obtained because of the absence 
of bacteriologic equipment. Penicillin therapy was increased to one million units intra¬ 
muscularly every 3 hours on the twelfth postoperative day, and the patient became afebrile 
four days later. The surgical incisions healed well, and the missile wounds healed following 
secondary suture. Electrocardiograms in the early postoperative course were interpreted 
as showing an area of injury in the left ventricle. Electrocardiograms taken several weeks 
after injury showed almost complete disappearance of the abnormalities seen earlier. 

The patient was evacuated to a hospital ship on the eighteenth postoperative day. The 
missile was removed from the subclavian artery on the twenty-second postoperative day-, 
at which time it was found surrounded by a 3 by 2 cm. inflammatory mass containing 
.'.purulent fluid. The subclavian artery- was ligated. A chest roentgenogram one month 
following injury showed a normal cardiac shadow. The patient was asymptomatic ten 
weeks after injury and had a normal exercise tolerance. There were no cardiac murmurs. 
The right radial pulse was absent, but there were no signs of circulatory insufficiency. 

Case 2.-—The patient, C. K. Y., was a Korean marine, age 25, admitted from helicopter 
evacuation on April 27, 1953, ninety minutes after receiving multiple wounds from the 
explosion of a land mine. The patient rvas restless but rational. The radial pulse was 
barely- palpable; no blood pressure could be obtained. There were two irregular 1 cm. 
wounds in the anterior chest wall, one in the midline over the upper sternum and the other 
in the fourth interspace at the left sternal border. The neck veins were greatly engorged 
when the patient was in the recumbent position. The breath sounds were decreased over 
the left chest; the heart sounds could not be heard. There were small wounds on both arms, 
both legs, and the left foot. A total of 3,000 ml. of type “O” blood was given in forty 
minutes wtiliout any rise in blood pressure. A thoracentesis in the left chest did not 
produce any air or fluid. A chest roentgenogram showed an enlarged, globular cardiac 
shadow with two irregular metallic foreign bodies, each about 4 mm. in diameter, within 
the cardiac shadow. Pericardial aspiration in the left fifth interspace removed 40 ml. of 
blood. There was an immediate rise in blood pressure to 90/60 mm. Hg, and a definite 
improvement in the patient’s general condition. He was then taken to the operating room 
for thoracotomy. 
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and rigidity, and the patient’s restlessness and shouting which made auscul¬ 
tation of the chest difficult. Pericardial aspiration was of immediate diag¬ 
nostic and therapeutic benefit in Case 2, and would probably have been similarly 
useful in Case 1. Repeated pericardial aspirations might have avoided a 
thoracotomy in Case 2, although the left ventricular wound was actively 
bleeding when exposed at thoracotomy. 

Pericardial aspiration has been very successful in the nonoperative treat¬ 
ment of heart wounds seen in civilian practice. Following the use of this 
method of therapy by Blalock and Ravitch, 1 *’ 8 good results have been obtained 
by aspiration in large groups of eases by Elkin,” Carr, 12 and Cooley, 1 * and their 
associates, and Griswold and Brye. 13 Naclcrio and co-workers 10 have continued 
to treat all cardiac wounds with immediate operation and suture of the myo¬ 
cardial laceration. 

Cardiac Arrest .—The prompt appearance of cardiac contractions following 
cardiac massage in Case 1 may he attributed to the short time interval between 
the onset of cardiac arrest and the beginning of cardiac massage. Survival after 
cardiac arrest due to cardiac tamponade is rare. A patient reported by Loken 15 
died from neurologic injuries thirty days after resuscitation from cardiac 
arrest by cardiac massage. The cardiac arrest occurred during the induction 
of anesthesia. No other patient was found in the literature reviewed in whom 
cardiac activity was restored after cardiac tamponade had resulted in cardiac 
arrest. 

Migration of Missiles .—Intravascular migration of a foreign body is an 
infrequent occurrence. Reviews of the reported cases have been published by 
Movin, 10 Harken and their associates, 18 ’ 10 Keelcy,” Straus, 20 and Decker. 21 
These reviews contain a total of 21 patients in whom a foreign body entered 
the chest and embolized to a peripheral artery. Nine patients survived; 4 of 
the patients had an amputation performed because of gangrene in the involved 
extremity. Samson, 1 Griswold and Maguire, 22 and Dickinson 23 each had one 
patient who is not included in the above-mentioned reviews. The patients 
of Samson and Griswold are similar in that both patients had no symptoms 
from a bullet that had entered the chest and lodged in the region of the iliac 
artery; the bullets were not removed. Dickinson’s patient had the sudden 
onset of pain and paralysis in the left leg several months after recovery from 
a bullet wound of the chest. Full recovery followed removal of the bullet 
from the left external iliac artery. This patient is the only one in whom 
several months elapsed between injury and embolism of the missile. 

The addition of Case 1 in this report makes a total of 25 patients with 
thoracic injuries and subsequent embolization of the missile to a peripheral 
artery.. Most of the missiles embolized to the arteries of the lower extremities. 
The missile lodged in the femoral artery in 11 patients, the iliac artery in 7, 
the abdominal aorta in 2, and the popliteal artery in one patient. The 3 
missiles embolizing to the upper extremity lodged in the innominate artery, 
the. subclavian artery, and the axillary artery in one patient each. In the 
patients reviewed by ICcoloy, 17 the embolus was in the right iliac or femora 1 
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fluoroscopy in the region of the left auricle and the ventricle. The chest roentgenograms an 
reproduced in Figs. 2 and 3. Surgical removal of the foreign bodies was not felt to b< 
indicated. A Grade 2 harsh systolic murmur was heard over the base of the heart in tin 
early postoperative period. The murmur gradually decreased in intensity and disappearec 
after the sixth postoperative week. The patient was asymptomatic when last seen ten weeks 
after injury. 



Fig. 3.—Chest roentgenogram of Case 2, lateral view. The 2 small mortar fragments are 
visible in tlie region of the left auricle and left ventricle. 

DISCUSSION 

A striking- feature in each patient was the extreme restlessness in the 
presence of severe shock. Such restlessness was seldom seen in patients in 
shock from other causes. A possible explanation for the restlessness could 
be that the cerebral anoxia is more severe in shock from cardiac tamponade 
than in shock from other causes. The combination of arterial hypotension and 
venous hypertension may decrease cerebral blood flow more than just arterial 
hypotension alone. Another noteworthy feature-in both eases was the failure 
of shock to respond to the rapid intravenous administration of blood. These 
two observations in a person with a chest wound should suggest acute cardiac 
tamponade. The diagnosis can be confirmed by pericardial aspiration. The 
error in diagnosis in Case 1 was caused by the location of the wounds which 
suggested a perforating thoracico-abdominal wound, the abdominal distention 
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group of 2,000 battle casualties. This low incidence is attributed to the wearing 
of armored vests by combat personnel. Cardiac tamponade was present in 
each patient. A cardiac injury in one patient was recognized only after cardiac 
arrest terminated an emergency laparotomy begun because of an error in 
diagnosis. Cardiac function was restored by correction of the cardiac tamponade 
and cardiac massage. A 2 cm. perforation in the wall of the left ventricle was 
then sutured. The mortar fragment embolized to the right subclavian artery 
and caused a septic endarteritis. A good result was obtained by removal of the 
foreign body and ligation of the subclavian artery. 

Twelve other patients were found in the surgical literature who survived 
a wound produced by a missile that entered the chest and subsequently embolized 
to a peripheral artery. Most of the missiles lodged in arteries of the lower 
extremities. Gangrene developed in the involved extremity in 4 patients. 
No patient was found in the surgical literature who survived cardiac arrest 
resulting from cardiac tamponade. 

The other patient had cardiac tamponade from lacerations of the right and 
left ventricles from two small mortar fragments. A good result was obtained 
by pericardial aspiration and subsequent suture of the myocardial lacerations. 
Removal of the intracardiac foreign bodies was not felt to be indicated. 
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artery in 2 patients whereas it was in the left femoral or iliac artery in 14 
patients. The predominance of left-sided embolization was attributed to the 
fact that the junction between the left iliac artery and aorta is a smaller angle 
than the junction between the right iliac artery and aorta. 

The missile was removed from the artery in all but 2 of the 13 patients 
who survived the injury. The usual indication for removal was circulatory 
insufficiency of the extremity. Amputations for gangrene were subsequently 
performed in 4 patients. The time interval between embolization and removal 
of the embolus was greater than seventeen hours in 3 of the 4 cases, and was 
not stated in the fourth case. Case 1 in this report is the only patient in whom 
a septic endarteritis developed from the missile. 

The review by Harken and Williams 19 includes patients with missiles 
migrating within the venous circulation. The route of embolism varied in 
different patients, but in a total of 9 patients the missile entered a large vein, 
embolized to the right ventricle, and remained in this location. 

Intracardiae Foreign Bodies .—The removal of the 2 small foreign bodies 
in Case 2 was not considered necessary. Fluoroscopic examination showed the 
missiles to have an intracardiae location, but fluoroscopic localization is subject 
to considerable error. One third of a large group of patients operated on by 
Harken 18 were found on surgical exploration to have the missiles in an extra- 
cardiac location, although preoperative fluoroscopy had indicated an intra- 
cardiac location. The clinical indications for removal of intracardiae foreign 
bodies have been discussed by Swan and his colleagues, 2 ' 1 Harken, 18 and Decker. 23 
Recurrent pericardial effusion or signs of infection have been the usual indi¬ 
cations for removal. The development of these complications from a foreign 
body may depend upon the development of infection, for experimental studies 
have shown that sterile foreign bodies are well tolerated in various locations 
in the heart. 24 ’ 25 Large foreign bodies are more commonly associated with an 
infection than small ones, perhaps because fragments of clothing often adhere 
to large foreign bodies. 

The surgical results from removal of foreign bodies have been good. Swan 24 
reported that a total of 27 patients have had excision of a foreign body from 
an intracardiae location, and over 150 patients have had missiles removed from 
areas adjacent to the heart. 18 - 20 There has been no mortality in either group 
of patients. 

Prognosis .—No limitation of cardiac function is expected in either patient 
reported. Myocardial failure has not been reported in follow-up studies of 
patients recovering from cardiac wounds. Pericardial adhesions have rarely 
caused any disability. A collected series of patients with constrictive peri¬ 
carditis appearing after recovery from cardiac wounds has been discussed 
recently by McKusick, Kay, and Isaacs.-' 

SUMMARY 

Two patients with penetrating wounds of the heart from mortar fragments 
are reported. These patients had the only cardiac injuries seen in an unseleeted 


LIPOMA OP TIIE BRONCHUS 
Report op a Case 

Seymour Ochsner, M.D., Francis E. LeJeune, M.D., and Alton Ochsner, M.D. 
New Orleans, La. 

I NTEREST in benign bronchial tumors and increasing appreciation of their 
importance have paralleled the development of bronchoscopic and radiologic 
methods of bronchial examination. Improved methods of endoscopic and 
thoracic surgery now permit successful management of most bronchial tumors. 
Statistical reports of large series of bronchial neoplasms suggest that benign 
tumors represent 5 to 10 per cent of the total. 8, '• 11 Among these benign 
tumors is the bronchial lipoma, which is sufficiently rare to warrant report 
of a case. This case is, we believe, the fourteenth to be recorded. It clearly 
illustrates some of the problems associated with management of benign bronchial 
tumors in general. 

The 3 cases of benign bronchial tumors reported before 1927, which were 
apparently lipomas or similar tumors with a large fatty component, were 
discovered at autopsy and were of undetermined clinical significance (Table I). 
In 1927, ICeman 0 reported the first case of bronchial lipoma seen at bronchos¬ 
copy and successfully removed through the bronchoscope. As indicated in 
Table I, other reported lipomas were so situated as not to be removable broncho- 
scopically, or resulted in bronchial obstruction, bronchiectasis, or such secondary 
pulmonary damage that pulmonary resection was necessary. 

CLINICAL MANIFESTATIONS 

In lipomas of the bronchus, as in other benign bronchial tumors, the 
symptoms and signs are largely dependent on the location of the tumor and 
the degree of bronchial obstruction produced. 17 The study of "Watts and 
co-workers 18 indicated that bronchial lipomas undoubtedly arise from fatty 
tissue normally present in the bronchial tree, where it occurs in all bronchi 
which have cartilaginous plates in their wall (i.e., those bronchi 1 mm. or 
larger in diameter). Although more fatty' tissue is found in the bronchial 
wall external to the cartilaginous plates, it seems that submucosal lipomas 
(those arising internal to the cartilaginous plates) are more significant clinically 
because they expand endobronchially and produce bronchial obstruction more 
readily'. 

Cough, resulting from bronchial irritation, may be the earliest symptom. 
Unlike the highly vascular adenomas, which bleed readily, 3 - 17 lipomas are 
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relatively avascular and less frequently produce hemoptysis. As the tumor 
expands into the bronchial lumen, it interferes with the airway and may cause 
wheezing. If air is trapped in the pulmonary segment, localized obstructive 
emphysema may result. As the obstruction becomes complete, atelectasis occurs 
in the involved pulmonary segments or lobes. Bronchial secretions are trapped 
in the occluded bronchi; pneumonitis and bronchiectasis follow. Extensive 
pulmonary damage ultimately results if the bronchial obstruction is not re¬ 
lieved. The clinical course of many patients with benign bronchial tumors 
is featured by a history of recurring episodes of productive cough, pulmonary 
symptoms, and “pneumonia” for several years. These occur during the period 
when the slowly growing tumor is large enough to produce intermittent 
bronchial obstruction. Recurring episodes of "pneumonia” demand complete 
investigation of the bronchial tree. 

ROr.NTGKNOI.OGIC MANirjJSTATIONS 

Since a lipoma is more apt to occur in a large bronchus than in a small 
one, the tumor is usually located in the hilar region of the lung. A hilar 
neoplasm may first become evident in a roentgenogram of the chest as an 
unusually prominent hilar shadow. The tumor may give the hilum an un¬ 
usual density, a broader or longer shadow than normal, or an eccentric or 
unusual configuration. In the earliest stages of the tumor’s growth, this 
manifestation may escape detection. Careful comparison of serial roentgeno¬ 
grams should give a clue to the presence of disease, however, as benign neo¬ 
plasms gradually increase in size. 

Endobronchial growth of a tumor can usually be demonstrated by broncho- 
graphic study before it is manifest in plain roentgenograms. Thorough broncho- 
graphic exploration of the bronchial tree, ns pointed out by Di Rienzo, 1 will 
disclose small intraluminal lesions. A polypoid growth stands out ns a rounded, 
oval, or irregular filling defect in the bronchus, which has been outlined by 
contrast media coating its mucosal surface. 

Stenosing bronchial growths will be portrayed as smooth or irregular 
narrowing of the bronchial lumen. Above the lesion there may be some ap¬ 
parent enlargement of the bronchus, perhaps associated with overfilling or 
slow emptying of this segment. The stenosis may be incomplete or complete. 
If incomplete, the bronchi below the narrowing may be fragmentarily visual¬ 
ized, may be partially filled with retained secretions, or may show varying 
degrees of bronchiectasis. If the obstruction is complete, no contrast media 
will pass into the bronchial segments peripheral to the tumor. The occluding 
tumor may be indicated by a rounded endolwonchial mass outlined by contrast 
media, or at times by a soft tissue extrabronchial mass at the site of the 
obstruction. 

After the tumor has produced bronchial obstruction, resulting changes 
in the lung are manifest in plain roentgenograms. Localized obstructive 
emphysema may bo the first indication of an endobronchial growth. This 
occurs because the bronchial lumen enlarges during the inspiratory phase of 
respiration and becomes smaller during expiration. Therefore, the involved 
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being neecssaiy 14 The need foi piompt thciapy is gicat and theie should be 
no liesitancj to pcifoim exploiatorj thoracotomy if tlie endoscopist is unable 
to iemo\e the lesion completely, oi if subsequent studies ie\cal significant 
bionchicctasis 01 bionchostcnosis 


CASE REPORT 

C T, a 35 year old machinist, was well until the vvintci of 1943 when some wheezing, 
slight pain in the midstern U area, generalized aching, ind mild fever developed These 
symptoms disappeared following treatment by his local physician with a sulfonamide The 
^en^o of retrosternal oppression returned, howc\er A roentgenogram of the chest showed 
a “spot” in the lung Bronchoscopic examination repealed a mass in the right bronehus 
from which a specimen was obtained He was told he lmd a tumor which would be removed 
bronchoscopically However, four bronchoscopic attempts to remote the tumor proved 
unsuccessful He was then advised that operativo removal would be necessary 

When first seen at the Ochsner Clinic on Jan 2G, 1945, the patient was asymptomatic 
It had been three month* since the last bronchoscopic c\amination During this interval 
ho had occasionally noticed transitory inability to take a deep breath The only attacl s of 
hemoptysis he had had followed each bronchoscopic attempt at removal of the tumor The 
patient had lost no weight, and bad not had a productive cough or dvspnca 

On admission, slight decrease in resonance was noted on percussion of the right anterior 
chest A roentgenogram of the chest on the <1 iy of admission showed nodular prominence 
of the right lulum, with linear shadows extending into the peripheral right pulmonary field 
(Fig 1) Theie was some increased density at the right cnTdiophremc angle with a slight 
shift of the trachea to the right, suggestive of the presence of partial atelectasis of a portion 

of the right lung The right mam bronchus was visualized, but the intermediate bronchus 

was not debneated 

Bronchography, done the following dav, indicated occlusion of the right middle lobe 
bronchus near its origin, with resulting atelectasis of the middle lobe (rig 2) Irregular 
dilatation of some of the bronchi of the anterior segment of the upper lobe and compensatory 
overexpnnsion of the right lower lobe were apparent 

Bronchoscopy under local anesthesia on Feb 2G, 1945, disclosed a smoothly rounded, 

firm tumor which seemed to fill the right bronchus completely On the first two attempts at 

removing the tumor, a small portion broke off On the third attempt, the entire tumor seemed 
to come up through the bronchoscope The yellowish white tumor was 3 cm long and 5 mm 
in. diameter (Fig 3) Microscopic examination proved the lesion to be a submucosal lipoma 
of the bronchus, with areas of fat necrosis, chronic inflammation, and fibrosis 

Bronchograms made two days after removal of tlie obstructing lesion showed that it hid 
been removed from the right middle lobe bronchus The middle lobe bronchial segments, 
outlined bv Lipiodol, showed severe bronchiectasis (Fig 4) The middle lobe was consider 
abl\ shrunken The localized bronchiectasis in the inferior portion of the anterior segment 
of the right upper lobe persisted 

The patient was discharged in the hope that the bronchiectasis would subside after 
removal of the obstructing lipoma However, a bronchogrum on April 12, 1945 indicated 
persistence of the bronchiectasis The patient refused to submit to operation On Sept 
24, 1D45, i bronchogram showed no Lipiodol passing into the middle lobe bronchus Whether 
this obstruction was due to secretions, a plug of mucus or regrowtli of tlie tumor was 
undetermined The patient refused bronelioscopic examination but agreed to surgical inter 
\ cation 

On Oct 1, 1945, resection of a shrunken middle lobe, along with wedge rejection 
of the anteroinferior portion of the right uprer lobe was earned out Pathologic exann 
nation showed severe bronchiectasis and chronic bronchitis There was no evidence of 
residual or recurrent lipoma Postoperative recovery was prompt and uncomplicated 



374 


OCHSNER, LE JEUNE, AND OCHSNER 


J. Thoracic Surg, 
March, /95 7 


segment is overinflated as a result of air being trapped within it. In 
roentgenograms this may be seen as an unusually radiolucent segment or lobe 
in the pulmonary field. It is most noticeable if roentgenograms are obtained 
at two phases of the respiratory cycle, with the patient in full inspiration and 
complete expiration. Careful fluoroscopy of the chest is another valuable aid 
in determining the presence of localized obstructive emphysema. 

When the tumor completely fills the bronchial airway, the air trapped 
in the lung distal to the obstruction is absorbed and atelectasis ensues. This 
is evident in roentgenograms as a relatively homogeneous shadow involving 
a segmental or lobar area of the lung. If the pulmonary area involved is 
sizable, other portions of the lung may show overexpansion, or there may be 
other compensatory changes, as mediastinal shift or elevated diaphragm. 13 

BBONCHOSCOPIC MANIFESTATIONS 

Development of endoscopic methods made possible direct inspection of the 
trachea and large bronchi. Bronchoscopie study is a valuable feature in both 
the diagnosis and treatment of benign bronchial neoplasms. The position, 
size, and gross characteristics of the tumor, the mucosa over the tumor and in 
the adjacent bronchus, and the degree of attendant bronchia] obstruction, can 
be determined bronchoseopieally. Endoscopic biopsy often establishes a histo¬ 
logic diagnosis. A bronchial lipoma usually appears as a smooth, rounded, or 
oval, submucosal mass. It is firm and gray or yellowish in color; the overlying 
mucosa is stretched but rarely ulcerated. The bronchial lumen shows various 
degrees of obstruction. Pus may be seen exuding around the mass from the 
bronchus beyond it. 15 If the tumor is partially or completely fulgurated or 
excised, bronchiectasis may be evident in the bronchial segments distal to it. 

TREATMENT 

Benign bronchial tumors demand prompt excision. As Mycrson 10 wrote, 
they are “benign only in the histologic sense.” The damage they produce, 
when untreated, may prove fatal. 

When seen by the endoscopist, the tumor may be fulgurated or excised 
by bronchoscopie means. Apparent successful removal of lipomas has been 
reported in 7 instances (Table I), and was accomplished also in the case to be 
reported. This method ls not without some danger of complications. Mediastinal 
emphysema, tracheobronchial hemorrhage, and death from cardiac trauma 
have been reported as complications following bronchoscopie removal of 
bronchial tumors. 11 ’ 18 

In submucosal lipomas of the bronchus, the chief disadvantage of broncho- 
scopic removal seems to be the persistence of bronchiectasis after the tumor has 
been removed. Three sueh instances have been reported (Table I). In the 
case to be presented subsequent pulmonary’ excision was required to cure 
the severe localized bronchiectasis. 

Lipomas of the upper lobe bronchi may not be visible to the bronchoscopist, 
or may not be accessible for endoscopic therapy. Tumors with extrabronchial 
extension cannot be manage d bronchoseopieally, primary’ transthoracic excision 



Pig 4 —Right lateral bronchogram after bronchoscopic remoral of lipoma Partially col¬ 
lapsed right middle lobe with bronchiectasis and ImoUement of inferior bronchi of anterior 
segment of upper lobe 



Right lateral hronchogram of chest which shows occluded right middle lobe bionchus 
and overexpansion of right lower lobe. 







A NOTE ON THE PROGNOSIS' OF PULMONARY AGENESIS AND 
HYPOPLASIA ACCORDING TO THE SIDE AFFECTED 
Alexander J. Schaffer, M.D., and Rowland Y. Rider, M.D., D.P.IL 
Baltimore, Md. 

A PRELIMINARY review of 30 reported cases of pulmonary agenesis largely 
from the pediatric literature, suggested to one of us that congenital 
absence of the left lung produced fewer symptoms than did absence of the 
right lung and that death occurred earlier and with greater frequency when 
the right side was affected (Table I). 


Table I. 30 Cases or Pulmonary Agenesis 


DUNG ABSENT | 

NO. 

| SYMPTOMATIC | ASYMPTOMATIC | 

MED 

1 SURVIVED 

Left 

17 

11 G 

‘J 

15 

Riffht 

13 

11 2 

s 

5 


From sueli a small series no firm conclusions were drawn but the figures 
appeared to be highly suggestive. Suggestive also were comments frequently 
met in the literature concerning the gi'eatcr frequency of left-sided over 
right-sided involvement. Both DcWeesc and Howard 1 and Field 2 state that 
the majority of eases involve the left lung. Valle and Graham, 3 after review¬ 
ing 38 cases, stated that agenesis was encountered twiee as often involving 
the left side as the right. One wondered whether this numerical difference 
had been present at birth or whether it appeared later in life because of 
difference in mortality between the two groups. 

The publication in 1953 of Oyamacja, Gasul, and Holinger, 1 in which the 
authors summarized all of the published data, historical, clinical, and patho¬ 
logic on all the cases reported to date, presented an easy opportunity for ex¬ 
ploring this question further. Their finding that 109 cases were divided 
almost equally into 50 with right-sided and 59 with left-sided involvement 
indicates that the over-all incidence of the disorder is not significantly 
greater on one side than the other. 

Oyamada and his associates presented for each case the source of their 
information, a brief description of the findings including the side affected, and 
the age at which death occurred or the age when the patient was last known 
to be alive. Reported cases of doubtful diagnosis were listed separately and 
are not included in the analysis below. Those cases considered well established 
they presented in three groups: Group 1, cases of aplasia on one lung, 
Classes One and Two (Schneider 5 ); Group 2, cases of congenital hypoplasia of 
one or both lungs; and Group 3, cases of congenital absence of both lungs. 

From the Department of Pediatrics, The Johns Hopkins Medical Scho ’ 
ment of Biostatistics, The Johns Hopkins School of Hygiene, Baltimore. I 

Received for publication March 13, 1956. 

379 







378 


OCHSNEE, LEJEUNE, AND OCHSNER 


]. Thoracic Surg. 
March. 1957 


Interval postoperative examinations indicated that the patient’s condition has remained 
good, his symptoms are minimal, and roentgenograms of the chest are satisfactory. In 
December, 1955, over ten years postoperativelv, the patient wrote that he was feeling fine 
and working normally. 


SUMMARY 

It is important to recognize benign bronchial tumors and treat them 
promptly. Although histologically benign, these tumors may cause death from 
bronchial obstruction which results in atelectasis, bronchiectasis, pneumonitis, 
suppuration, and possible hemoptysis. Lipoma is one of the rarer benign 
bronchial neoplasms, the case reported being the fourteenth on record. The 
tumor should be excised, either bronchoseopieally or transthoraeieally. Per¬ 
sistent significant bronchiectasis may require pulmonary excision despite 
bronehoseopic removal of the tumor. This was necessary in our case, following 
which the patient has remained well for ten years. 
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Tlieir Group 3 furnishes no data for the question at hand. Data from 
their first two groups, therefore, form the basis of the following analysis. 
Seven fetal deaths were excluded from their total (4 patients with the left 
side affected and 3 with the right). The eases of bilateral hypoplasia have 
been classified according to the side most severely affected. The analysis 
was carried through for Groups 1 and 2 separately, but since the results are 
essentially the same, they are combined here. 

Table II summarizes the evidence from these data and shows (compare 
Columns 4 and 7) that the prognosis seems considerably more favorable for 
left-sided agenesis. Column 8 indicates that by the age of 10 the difference has 
become statistically significant at about the 5 per cent level or less. 

The conclusions arc stated tentatively rather than definitively because of 
the possibility of unknown bins. For example, is there a larger fraction of 
the eases of agenesis of one lung that is asymptomatic and therefore does not 
come to autopsy or does not receive careful study and diagnosis? If the 
answer is the one indicated by the preliminary survey, that left-sided agenesis 
is more apt to be asymptomatic, and if a lower risk of dying is associated with 
lack of symptoms, the differences we found would be even more favorable to 
absence of the left lung. One should note that general underreporting of 
cases, with left and right side equally underreported, could change the 
apparent level of risk as well as the size of the ratio of left-sided to right¬ 
sided risk, though it would not change the direction of the difference. 

The differential risk cannot be attributed to a greater incidence of other 
abnormalities among the patients with the right side affected, on the basis of 
the case descriptions in the Oyamada report. 

It appears justified, therefore, to expect a greater survival rate when the 
left rather than the right lung is absent. The explanation for this difference 
might lie in the fact that the heart and mediastinal contents must move a 
greater distance to arrive at a position abutting the right axillary wall than 
the left. This greater magnitude of shift must carry with it greater distortion 
in the course of the great vessels and of the trachea and major bronchi, and a 
stronger possibility of kinking and perhaps vascular compression of the air¬ 
way. This latter factor appears to be the one of greatest importance since 
most of the morbidity and mortality center about respiratory infection. 

Following this line of reasoning it could bo argued that mortality, espe¬ 
cially in instances of right-sided agenesis, might be reduced by preventing the 
mediastinal contents from swinging too far from the midline. Perhaps this 
could be accomplished by the introduction of some nonirritating, nonabsorb¬ 
able material, such as Lucite balls, into the affected hemithorax. 

SUMMARY 

Statistical analysis of cases of pulmonary agenesis reported indicates 
that agenesis of the right lung carries a worse prognosis than agenesis of the 
left lung. It is suggested that this may be due to greater shift of heart and 
mediastinal contents with greater distortion of the course of blood vessels, 
trachea, and bronchi. 
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THE RESULTS OP PULMONARY RESECTION IN THE TREATMENT OP 
TUBERCULOSIS: AN EVALUATION OF 201 CONSECUTIVE 
RESECTIONS'* 

Jack C. Cooley, M.D.,** Fritz II. Moser, M.D.,*" Rochester, Minn., and 
Gustae A. IIedderg, M.D.,t Nopeming, Minn. 

T HE past decade has seen many pertinent changes in the management of 
the patient with pulmonary tuberculosis. 1 ' 3 Salient among these has been 
the advancement and application of thoracic surgery as an important adjunct 
to the medical and sanatoiium regimen. Equally important has been the 
development and judicious use of the chemotherapeutic drugs, both in the 
general management of the tuberculous patient and in his preoperative and 
postoperative phase.* Certainly, the chemotherapeutic drugs have improved the 
results of cxcisional surgery in tuberculosis and at the same time have reduced 
both mortality and morbidity. Many patients previously ineligible for ex- 
eisional therapy because of widespread, bilateral, or endobronchial disease have 
been improved by these drugs to the extent that resection has become feasible. 

With the foregoing considerations in mind, it seemed timely to review the 
eases in which pulmonary resection has been used at the Nopeming Sanatorium 
in conjunction with chemotherapy in the treatment of pulmonary tuberculosis. 
The years 1951 through 1951 were chosen for this study because this period 
of four years represents a time when the combination of surgery and chemo¬ 
therapy was used extensively in the management of the tuberculous patient. 
All cases in which operation was performed during this time are reported. 

Indications for surgical therapy were gradually broadened during the 4- 
year period over which this study was made. All decisions to use surgical 
treatment for any given patient were made by the conference-selection method, 
in which all staff members of the sanatorium participated. The great majority 
of indications for resective surgery involved the fibrocaseous focus or cavitary 
lesion remaining following an active sanatorium and chemotherapeutic regimen 
of a varied duration. Tuberculous endobronchial disease and the residue thereof 
in the form of tuberculous bronchiectasis and bronchostenosis were the indica¬ 
tions for surgical treatment in a few cases. 

The preoperative duration of chemotherapy varied from several weeks to 
several years. A further breakdown of the total duration of chemotherapy in 
these cases will be included later. 

The Mayo Foundation, Rochester, Minn., Is part of the Graduate School of the University 
of Minnesota. 

Received for publication March 19, 1956. 

•Pulmonary resections were carried out by Drs. Joslah Fuller, N. K. Jensen, W. R. 
Schmidt, J. W. Kirklin, and T. J. ICinsella. 

••Fellow in Surgery, Mayo Foundation, Rochester, Minn. 

•••Fellow In Surgery, Mayo Foundation, Rochester. Minn. 
tDeceased. Formerly at Nopeming Sanatorium, Nopeming, Minn.' 
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obstructive pulmonary complications. Bronchoscopy was reserved for those 
cases in which definite roentgenologic and clinical signs of retention of secretion 
and atelectasis developed. 

Mention should be made that tracheotomy has been found useful in the 
postoperative management of some of these problems. Particularly is this 
true in the older patient with some emphysema, retention of secretion, and air 
leak with or without subcutaneous emphysema. Although tracheotomy was 
used in only 2 patients in this series, subsequent experience has proved its 
value. 

CLINICAL FEATURES 

The files of the Nopcming Sanatorium contained data on 189 patients who 
underwent pulmonary resection from January, 1951, through December, 1954, 
as part of the regimen planned in the treatment of their pulmonary tuberculosis. 
Twelve of these patients underwent bilateral pulmonary resection nonsimul- 
taneously, bringing the total number of resections to 201. The ages of these 
patients varied from 8 to 65 years, with the heavy distribution occurring in the 
third, fourth, and fifth decades. Table I includes the exact age distribution. 
The sex ratio w-as almost equal, there being 92 male and 97 female patients. 

Classification was made of each patient according to whether the disease 
was minimal, moderately advanced, or far-advanced tuberculosis. The severity 
of the disease submitted to resection is somewhat, indicated by the fact that 59 
patients were classified as having far-advanced disease, 93 as having moderately 
advanced disease, and only 37 with minimal disease. Bacterial proof of tubercu¬ 
losis was of course attempted preoperativcly in all cases by sputum and gastric 
studies. In 181 patients, Mycobacterium tubcrcitlosis was isolated, while in 
eight cases no bacterial' proof of tuberculosis was found. Operation ivas per¬ 
formed in these eight cases because clinically, roentgcnographically, and by 
response to treatment, the patients were all thought to have tuberculosis. 
All 8 patients were found to have fibrocaseous lesions pathologically and 4 
had cavitation. Seven of these 8 had positive bnctcriologic findings on the re¬ 
sected specimen, confirming our roentgenographic and clinical impressions. 


Table I. Age Range of 189 Patients Undergoing Pulmonary Resection 


ACE (YEARS) [ 

PATIENTS 

0-9 

1 

10-19 

14 

20-29 

42 

30-39 

61 

40-49 

43 

50-59 

26 

60-69 

2 


Chemotherapy, as previously indicated, consisted primarily of combina¬ 
tions of three drugs: streptomycin (or dihydrostreptomycin), para-amino- 
salieylic acid, and isoniazid. Each patient in this series received some chemo¬ 
therapy, either preoperatively or postoperatively or, more commonly, both. 
The patients who underwent operation in the past two years have received-' 
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Tiie main chemotherapeutic drugs employed in the treatment of this surgi¬ 
cal series included streptomycin (or its derivative dihydrostreptomyein), iso- 
niazid, and para-aminosalicylic acid. Generally speaking, two of these drugs 
were used at any given time unless contraindicated by untoward reactions. In 
a few' eases, all three drugs were employed simultaneously. Several other anti¬ 
tuberculous drugs were used when specific sensitivity or resistance studies indi¬ 
cated their possible efficacy. These occasionally used drugs included viomycin, 
tibione, and more recently pyrazinamide. 

All patients undergoing surgical therapy were submitted to bronchoscopy 
in the preoperative period. Pulmonary function and bronchospirometric studies 
were used preoperatively in those patients whose respiratory reserve was border¬ 
line or indefinite. Inadequate respiratory reserve, as determined by these tests 
and clinical examination, was a contraindication to thoracic surgical therapy. 
Bronehograplry was carried out whenever indicated, using chloriodized oil 
(lodochlorol) or Dionosil as the opaque medium. An attempt was made in all 
cases of tuberculous bronchiectasis to map out accurately all segments of both 
lungs in order to evaluate better the indications for, and the extent of, pul¬ 
monary resection. 

The surgical procedure was carried out with the patient in the prone posi¬ 
tion using the Naclerio headrest. In almost all cases a rib was resected. Major 
bronchi, including segmental bronchi, were closed by use of interrupted through- 
and-through sutures of silk in an end-on closure after the method of Sweet. 5 
Subsegmental resection was utilized, when efficacious, by isolating and ligating 
the subsegmental bronchovascular bundle and then applying curved clamps to 
the subsegmental boundaries and excising the tissue thus isolated. Closure of 
the lung was then effected by a two-row continuous catgut suture, the clamps 
being used us a guide for the first row. Care w r as taken to close, by silk-suture 
ligatures, all known air leaks following resection. Careful expansion of all re¬ 
maining segments of the lung on the side of operation was required before the 
chest was closed. Three catheters with extra fenestrations at their ends were 
inserted several interspaces below the line of incision through stab wounds. 
Two of these catheters were placed in the apical portion of the chest, one 
anteriorly and one posteriorly. The third catheter was placed for dependent 
drainage on the diaphragmatic surface. The catheters were attached immedi¬ 
ately to a water-seal drainage system and later attached to gentle continuous 
suction after the patient was transported to his room. Usually no drainage was 
utilized in cases wherein pneumonectomy was carried out. 

Postoperatively, suction at a pressure of 15 cm, of water was maintained 
on all chest catheters until they were removed. This was usually accomplished 
between the third and the fifth day, but of course the time of removal depended 
on the status of expansion of the lung and amount of fluid and air leakage 
present. Antituberculous chemotherapy was started as soon as feasible post¬ 
operatively. Penicillin was almost routinely used prophylactically, but broad 
spectrum antibiotic drugs were withheld unless specifically indicated. Forced 
coughing, steam, and tracheal aspirations were used as indicated to prevent 
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Previous surgical therapy for tuberculosis had been carried out in 27 
patients prior to their resection. This consisted of thoracoplasty in all in¬ 
stances. In no other patients in this series had a resection, decortication, or 
other thoracic surgical procedure been done elsewhere prior to resection at the 
Nopcming Sanatorium. Thirty-eight thoracic surgical procedures were done 
as an adjunct to pulmonary resection. In 10 cases thoracoplasty was done. 
Seventeen of these were done at or just before the time of resection, while two 
were done after the patient’s recovery from resection. 

The incidence of postoperative complications was not high. Retention of 
secretion severe enough to require bronchoscopy was the commonest complica¬ 
tion, occurring in eighteen cases (9 per cent). Persistent bronchopleural 
fistula occurred after eight resections (4 per cent). In four of these instances, 
surgical therapy of this fistula and thoracoplasty were required, while in the 
other four, thoracoplasty alone was utilized in the treatment. In none of the 
eight cases was the bronchopleural fistula felt to be from the larger bronchi. 
In all eases small bronchial leaks from the raw surface of the lung were thought 
responsible. Frank empyema occurred in 4 patients (2 per cent). Persistent 
air “pocket” and pneumothorax following removal of the chest tubes were two 
other less common complications. Table IV includes a classification of all 
complications occurring in this series. 


Table IV. Complications Occurring in 201 Pulmonary Resections 


COMPLICATION | 

patients 

Retention of secretion requiring bronchoscopv 

" ^18 

Bronchopleural fistula 

8 

Persistent “pneumo” pochet 

13 

Empyema 

4 

Pleural effusion 

3 

Heraorrhnge with hemothorax 

3 

Wound infection 

3 

Pneumothorax 

6 

Transfusion reaction 

1 

Subcutaneous emphvsema 

1 

Wound hematoma 

1 

Paralytic ileus 


Psychosis 

1 

Guillain-Barr6 sj'ndrome 

1 


Twenty-five thoracic surgical procedures were necessary in the treatment 
of complications. These included thirteen thoracoplasties, five decortications, 
four closures of bronchopleural fistula combined with thoracoplasty, two 
tracheotomies, and one excision of a long bronchial stump. 

FOLLOW-UP RESULTS 

All 189 patients were followed for periods ranging from two months to 
four and one-half years. Follow-up was accomplished by roentgenologic, gastric 
and sputum studies in the postoperative sanatorium phase, and then by gastric 
and roentgenologic studies at intervals of three to six months for varying 
periods following the patient’s dismissal from the sanatorium. In eighteen 
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almost routinely a minimum of four to six months of preoperative chemotherapy 
and an equal or greater duration, postoperatively. The average doses of the 
chemotherapeutic drugs included 1 Gm. of streptomycin or dihydrostrepto- 
myein twice a week, 100 mg. of isoniazid three times daily, and 12 to 14 Gm. of 
sodium para-aminosalicylic acid, daily, in divided doses. Table II indicates 
a breakdown by duration of time of the total amount of chemotherapy ad¬ 
ministered. 


Table II. Total Duration op Chemotherapy 


MONTHS OF CHEMOTHERAPY i 

PATIENTS 

0-6 

16 

6-12 

58 

12-18 

64 

18 or more 

51 


SURGICAL FEATURES 

Two hundred and one thoracotomies were carried out in this series. In 
each case resection of some lung tissue was done. A classification of the 
various types of pulmonary resection would include subsegments, segments, 
lobes, and pneumonectomy. According to the indications, combinations of these 
resections were carried out in the individual case at operation. Table III, 
although not exacting in its breakdown of the types of resection used in any 
individual case, does give some indication of the over-all amount of pulmonary 
tissue removed. Pathologic reports were available on all but 3 patients. Many 
specimens contained more than one type of tuberculous lesion. Fibrocaseous- 
nodular and cavitary disease were the two types reported most frequently, 
while a smaller number of specimens showed bronchiectasis, active tuberculous 
bronchitis, bronchostenosis, or obstructive pneumonitis. Interestingly enough, 
2 patients were found to have concomitant bronchogenic carcinoma with their 
tuberculosis. Both were treated surgically as if the lesion had been carcinoma 
only. 


Table III. Amount op Lung Resected in 189 Patients Undergoing Pulmonary Resection 


TYPE OF RESECTION 

Subsegments 

Segments 

Lobes 

Pneumonectomy 


RIGHT 1 LEFT |_TOTAL 


56 

45 

101 

75 

78 

153 

28 

16 

44 

7 

6 

13 


Bacteriologic studies on all resected specimens were carried out. Such 
studies include smears, cultures for Mycobacterium tuberculosis, and guinea 
pig inoculations. Reports on these studies were available on all but 22 pa¬ 
tients. Forty-seven patients had a positive smear only, while 32 had the guinea 
pig inoculation or culture positive only. Both smear and cultural methods 
were positive in 43. All attempts to isolate the tuberculosis bacillus from the 
specimen were negative in 57. 
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instances, resection was carried out on patients who were transferred to No- 
peming for surgical treatment from other nearby sanatoriums. In all of these 
cases, follow-up was by contacting the respective sanatorium to which the 
patient had returned. In seven cases, follow-up was roentgenologic only, be¬ 
cause for one reason or another gastric studies were declined. There were 
eight deaths in all, representing a 4.2 per cent over-all mortality. Of these, 5 
patients (2.6 per cent) died in the sanatorium, while 3 died at various time 
intervals following their dismissal from the sanatorium. The causes of the 
postoperative early deaths include one case each of cardiovascular accident, 
severe subcutaneous emphysema, cardiac arrest which did not respond to 
cardiac massage, postoperative vascular collapse, and Ouillain-Barre syndrome. 
The cause of two of the late deaths was myocardial failure in one patient and 
an automobile accident in another. The cause of the third late death was 
indefinite, and unfortunately no post-mortem examination was made. The death 
was not thought to be due to tuberculosis, however. 

Good results, with continued sputum conversion and roentgenologic sta¬ 
bility of residual lesions, were found in 160 of the 189 patients (85 per cent). 
An additional 7 patients were followed roentgenologieally only, and all of 
these appeared to have a good result as determined by the roentgenologic and 
clinical stability. The total number of patients with good results is thus 167 
(88 per cent) if these two groups are considered together. A more accurate 
appraisal of these good results is gained from Table V, in which they are 
classified according to the duration of follow-up since resection. 


Cable Y. Patients Classified as Having a “Good Result” Following Pulmonary 

Resection 


TIME FOLLOWED 

GASTRIC STUDIES 

ROENTGENOLOGIC STUDIES 
ONLY 

0-6 months 

19 

0 

6-12 months 

74 

2 

1-2 years 

57 

2 

2-3 years 

9 

0 

3-4 years 

1 

2 

4-5 years 

0 

1 


Thirteen patients (6.9 per cent) had recurrent bacterial positivity follow¬ 
ing resection, and the results for these patients were classified as unsatisfactory. 
One additional patient had negative sputum and gastric studies, but bad a 
change in the chest roentgenogram which strongly suggested activity in the 
residual pulmonary lesion. This patient lias also been classified as having an 
unsatisfactory result. It was of interest to us that, of the fourteen resection 
failures/’ 8 remained positive postoperatively in the sanatorium. Two of these 
have subsequently been found baeteriologicaily negative following further 
chemotherapy and dismissal from the sanatorium. A critical review of this 
group of 8 patients suggests that perhaps they represent more a failuie in 
patient selection than a failure of pulmonary resection. Five patients weie 
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the complication of a residual space, the surgical procedures were segmentec- 
toiny in 22, subsegmental resections in 6, and wedge resections in 6. Decortica¬ 
tion was performed ns an associated procedure in 5 of these cases. Thirty of 
the complications were in male patients and 3 in females, and the average age 
of the group was similar to the series as a whole. 

Persistent cavitary or nodular disease represented the primary indications 
for resection in the entire group of patients. It should he noted, however, 
that in those patients with complications, there was a higher incidence of 
decortication necessitated by previous pneumothorax or effusion than in the 
entire group. All of the patients had received antibiotics and chemotherapy 
prior to resection for 1 to 18 months, with an average of 9 months preoperative 
therapy. Various combinations of drugs were about equally represented in 
this group of patients and they were treated from 3 to 18 months postopera- 
tively, with an average of 4 ] /o months therapy after surgery. 

The majority of the residual spaces were noted to be present within 72 
hours, however, at least one patient developed a space on each succeeding 
day up to the tenth postoperative day. All of these spaces developed in spite 
of the routine use of multiple chest catheters for subaqueous negative pres¬ 
sure drainage of the pleura. Once the space was recognized, negative pressure 
drainage was continued if present until it was considered to be ineffective, 
when the catheters were removed and the space was then studied by roentgen 
methods, needle aspiration, the injection of foreign material to determine the 
presence of fistula and/or reinsertion of catheters in the space. 

In 34 persistent spaces, the original chest tubes were considered effective 
for from 3 to 21 days postoperatively, with an average of 7 days. Multiple 
thoracenteses were considered effective in treating the complication in four¬ 
teen instances. Chest catheters were reintroduced into the space for con¬ 
tinued closed drainage sixteen times for a period of 1 to 17 days with an 
average of 9 days’ duration. There were 4 patients who had no further 
therapy. 

Specific evidence of bronchopleural communication was demonstrated in 
8 of the patients and, of this group, 2 had open drainage performed when 
evidence of infection was found. Of the 2 latter patients, one had a small 
thoracoplasty performed. None of the other patients had further surgical 
procedures. 

The technique of handling the intersegmental plane was equally repre¬ 
sented in the patients with persistent spaces. About one third of the patients 
had careful closure of the intersegmental or bare area by suturing the edges 
of the wound. In another 9 eases the bare area or intersegmental plane was 
not treated except for particular hemostasis and closure of small leaks on the 
surface; the remaining patients had the bare surface covered by an attached 
flap of pleura. 

The length of time that the pleural pocket was seen roentgenographically 
varied from 10 to 937 days, with an average presence of 97 days. The dura¬ 
tion of the space in the 8 patients in whom a bronchopleural fistula large 
enough to bo demonstrated by objective means varied from 23 to 2G9 days, 
with an average of 169 days. 



THE PATE OF THE RESIDUAL PLEURAL SPACE FOLLOWING SMALL 
RESECTIONS FOR PULMONARY TUBERCULOSIS 

Wilson Weisel, M.D., Robert F. Thimmig, M.D., and 
Raymond R. Watson, M.D. 

Milwaukee, Wis. 


T HE presence of a residual pleural space due to incomplete lung re-expan¬ 
sion following lung resections for pulmonary tuberculosis has been con¬ 
sidered a potentially serious complication of the procedure. 1 ' 3 The danger 
of its appearance lies in the presumed likelihood of bronchopleural fistula, 
empyema, overdistention of remaining lung and concomitant spread of 
tuberculous disease. Because of these dangers, various collapse procedures 
have been recommended to be performed concurrently with surgery or soon 
after the space has been detected. 

In order to evaluate the status of these views, a policy of careful observa¬ 
tion and follow-up was adopted in earing for postoperative patients with a 
residual pneumothorax or pleural space. The decision for further operative 
procedure was made dependent only on the development of an empyema or 
other superimposed complication of comparable magnitude. 

The sei’ies of patients utilized for this study was 100 consecutive eases of 
small resections performed on 90 patients as primary major surgical proce¬ 
dures between November, 1950, and November, 1954. The age of the group 
ranged from 23 to 63, with an average of 43 years. The sex distribution was 
72 males and 18 females. The only selection exercised consisted of excluding 
patients who had had previous major surgery, such as thoracoplasty, or 
patients in whom the resection involved one complete lobe or more. 

Residual air pockets which were of sufficient size to be easily recognized 
on postoperative x-rays were noted following 34 resections in 28 patients. 
These were present or developed more than 72 hours after resection. All of 
these patients were carefully followed in the immediate postsurgical period and 
have been rechecked to the present time to determine the occurrence of late 
complications. The shortest period of postoperative examination has been 14 
months and the longest 5 y 2 years. We have considered all of these spaces to 
represent bronchopleural fistulas and, regardless of their appellation, we be¬ 
lieve this is the best explanation of their pathogenesis. In addition, because 
of this pathology, we feel further that careful, regular, and persistent follow¬ 
up examinations including history, physical examination, thoracic roentgeno¬ 
grams, and gastric cultures are imperative. 

The primary surgical procedures in the patients studied were segmental 
resection in 70, subsegmental in 18, and wedge resection in 12. Decortication 
was performed as a concomitant procedure 12 times. In the patients with 
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Of the 28 patients 'who presented spaces, 2 iveic found to hate positne 
gastnc enltuies 4 and V/* jenis postopci atn elj, respectively It might be 
said, howetei, that both patients had lathei extensile bilatcial disease 
originally, no obvious active paicnehvmal lesion 'was appaient m ciuient 
xiajs and the tubciclc bacilli cultuiod hate not lepioduced tubeiculosis 
in the animal Single episodes of hcmoptvsis hate otciuied m 2 patient s 
at intenals of 3 and 2 ycais aftei suigciy, nspectneh No definite con 
nection with the picwous smgical complication has been established in 
these patients and no evidence of active pulmonaiy disease has been seen 
ladiogiaphically The late complications m this gioup of patients have seemed 
slightly highci than would be anticipated oidinanlj but when the type of 
onginal disease was considered this was not unexpected 

To demonstrate this group of cases the following case histones arc cited 

C \SE RFPORTS 

Case 1—P II, 136424, a 61 year old white man, was admitted Jan 0, 1952, from an 
other institution because of moderately advanced, active, bilateral pulmonarv tuberculosis 
He demonstrated cavitary disease of the right upper lobe and positive sputum (Fig 1) 
He was treated for 32 months with streptomycin and para aminosalicylic acid (P4.S) and 
on April 8 , 3952, a right apical and postcror segmentectonn was performed The lung 
appeared well expanded after surgery but on April 31, 3952, a moderate sized apical 
pleural space appeared The original catheters became ineffective on the fifth postoperative 
day and were removed (Fig 2) A new catheter was reinserted into the space and was 
effective for 10 days and it was then removed Although the patient did very well clinically 
the apicnl space was visible ridiologically for 217 days no was discharged from the 
hospital on April 17, 1953 The last follow up examination on Oct 12, 3955, showed him to 
be in good health, he had no complaints, Ins chest xrays appeired normal (Fig 3), and 
gastnc cultures have been consistcntlv negative 

Case 2—F W , 147964, a 35 year old white man was admitted July 25, 1953, from 
another institution because of minimal, active, left fihronodular and cavitary pulmonaiv 
tuberculosis (Fig 4) On Dec 10, 3953, after 7 months’ therapy with streptomycin and 
PAS, a left apicopostenor segmentectonn was performed Although the lung was well e\ 
panded after operation, a pleural space was evident 2 days after surgery The chest 
catheters functioned for 4 days and were then removed (Fig 5) Thoracenteses were per 
formed on 8 occasions with removal of moderate quantities of air and no fluid but a fistula 
could not be demonstrated by the injection of methylene blue, saline, or ether The space 
persisted for 104 days The patient was discharged asymptomatic and with negative sputum 
on Nov 5, 1954 Recent examinations on Aug 10 and Nov 5, 1955, have found the patient 
to be without symptoms, chest -crays (Fig 6 ) are stable, and gastric cultures are negative 

Case 3—J P, 141333, a 30 year old white man, was admitted to the hospital on Sept 
4, 1952, because of moderately advanced, active, fibronodular pulmonarv tuberculosis of the 
right lung (Fig 7) He had a previous lustorv of severe alcoholism and recurring residences 
in correctional institutions On Oct 21, 1952, a subsegmcntal resection of the anterior seg 
ment of the right lobe was performed through a posterolateral thoracotomy for a filled cavity 
the contents of which were positive on culture for acid fast bacilli 

Three days following surgery an apical pneumothorax space became apparent (Fig 8 ) 
No gross evidence of bronchial fistula could be definitely ascertained and no further treatment 
was performed The pleural space could not be seen on Dec 8 , 1952, or 53 days after its 
appearance Follow up studies in July, 1955, presented no abnormal findings (Fig 9) 

Case 4 -—O B, 139480 Tins 31 year old white man was admitted to the hospital on 
June 4, 1952 He was transferred from anotler institution having been under treatment for 
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-Posteioanterior chest \ ray showing: residual nodular disease in right second anterior interspace 

-Postoperative thoracic roentgenogram showing right apical pneumonthornx which appeared thice diys after operation 
-Chest x-ray throe months after subsegmental rejection of light upper loho 
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FI# 13 1*Ibrocivltnry tuberculosis remaining In right upper lobe is seen on postero interior roentgenogram 

FI# 14—Postoperative right apical spice which appfm l ten «ln>s following *eKmrntectom> 
n# 15—Posteronnterlor roentgenogram show In# resolution tf postoperative pleuril complications 
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THE EFFECT OF PREOPERATIYB CHEMOTHERAPY ON THE 
INCIDENCE OF TUBERCULOUS LESIONS IN THE BRONCHI 

Wally Gordon, F.R.C.S.(Edin.), F.R C.S (Eng.)* 

London, England 

I N a previous communication, tlie author 1 showed that preoperative strepto¬ 
mycin reduces the incidence of bronchopleural fistula after pulmonary ex¬ 
cision for tuberculosis and that the incidence of fistula is influenced by the 
duration of streptomycin treatment before operation. It was assumed that 
the reduced incidence of fistula was due to the effect of the preoperative 
streptomycin on the tuberculous lesions in the transected bronchi. However, 
at the time of that investigation, practical difficulties prevented a coincident 
study to determine the effect of chemotherapy on the histologic appearances 
of the excised bronchi. The aim of the present communication is to show 
that treatment with antibacterial agents does influence the incidence of 
tuberculous lesions in the bronchi. 

Eighteen patients did not receive drugs before operation as they were 
treated before the period of routine chemotherapy. Fifty-one patients re¬ 
ceived such treatment before operation and 3G of these patients had received 
more than one course of drags. In 32 patients, as the intervals between 
courses were long, only the last course was taken to represent the preopera¬ 
tive treatment. In 4 patients, as the interval between the penultimate and the 
final course was less than four weeks, the two courses, but excluding the 
interval between them, were considered together as the duration of preopera¬ 
tive drug treatment. 

Three patients received streptomycin alone, 28 streptomycin and PAS 
(para-aminosalieylie acid), 14 streptomycin and INAH (isonieotinie acid 
hydrazide), 4 streptomycin, PAS and INAH, one INAH alone, and 2 pa¬ 
tients received INAH and PAS. During part of the course, 6 patients were 
given 1 Gm. of streptomycin, thriee weekly. All other patients on strepto¬ 
mycin received 1 Gm. daily. Either 150 or 200 mg. of INAH and from 12 to 
20 Gm. of PAS were given daily. 

The 69 patients underwent pulmonary excision for tuberculosis and the 
central end of the divided bronchus was examined in each of the operation 
specimens (nineteen lungs, thirty-five lobes, and fifteen segments). The 
histologic examinations were routine and the patients proriding the patho¬ 
logic material were unseleeted. 

In Table I the patients are grouped according to whether or not they re¬ 
ceived preoperative chemotherapy. In the group which did not receive drugs 
Received for publication March 19, 1956 
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moderately advanced, bilateral, active, reinfective pulmonary tuberculosis with streptomycin 
and PAS for 3 months. 

A left thoracotomy was performed on Aug. 26, 1952, to remove residual nodular disease 
in the upper and mid-lung fields. Subsegmental resections of the apicoposterior and superior 
segments were used to remove four fibrocaseous lesions. The postoperative course was satis¬ 
factory until the fifth postoperative day when a large apical pneumothorax space appeared. 
The latter was treated by insertion of an apical catheter and negative pressure suction for 2 
weeks, but lung re-expansion did not occur although no definite evidence of a large fistula 
could be obtained. The pneumothorax space was seen radiologieally until Oct. 24, 1952. A 
month later a right thoracotomy was performed with resection of three granulomatous lesions 
by wedge resection. The postoperative course was uneventful and the patient was prepared 
through the usual rehabilitation regime. 

The patient was discharged Sept. S, 1953. The chest x-ray showed stability and gastric 
cultures were negative for acid-fast bacilli in July, 1955. 

Case 5.—L. B., 144799, a 2S-year-old white man, was admitted to the hospital on Feb. 
24, 1953, because of moderately advanced, active, cavitary tuberculosis of the right upper 
lobe. After 11 months’ therapy with streptomycin and PAS, a right thoracotomy was per¬ 
formed on Feb. 2,1954, because of persistent cavitary disease (Fig. 10). 

At thoracotomy a right apical and posterior segmentectomy were performed to remove 
all of the palpable disease. Four days postoperatively and 2 days after removal of pleural 
drainage tubes, an apical pneumothorax space was noted above the fifth posterior rib. A 
catheter was inserted in the apical space for 10 days but the space persisted (Fig. 11) until 
April 26, 1954. The patient’s convalescence was otherwise uneventful and check-up examina¬ 
tion in September, 1955 (Fig. 12), revealed a stable roentgen picture and gastric cultures 
were negative for tubercle bacilli. 

Case 6.—J. R., 14S512, a 47-year-old white man, was admitted to the hospital Aug. 19, 
1953, as a transfer from another institution because of persistent cavitary, moderately ad¬ 
vanced, active, pulmonary tuberculosis in spite of adequate antibiotic and chemotherapy for 
months (Fig. 13). A right thoracotomy was performed on Sept. 17, 1953, and a posterior 
pnentectomy of the upper lobe was performed. 

The patient’s immediate postoperative course was satisfactory and the pleural catheter 
s removed and the lung well expanded on the fourth day after operation. Ten days post- 
eratively, an apical pneumothorax space was found associated with right chest pain and 
rcutaneous empyema. A catheter was reinserted at the apex of the right thorax and it 
actioned for 7 days after which it was withdrawn. The space, persisted however (Fig. 14), 
til Nov. 2, 1953. A follow-up x-ray in June, 1954 (Fig. 15), revealed a stable picture and 
stric cultures in May, 1955, were negative for acid-fast bacilli. 


CONCLUSIONS 


1. Residual pleural space was a complication in one third of 100 consecu- 
re small resections for pulmonary tuberculosis. 

2. The fate of the residual space after small resections is usually one of 
adual resolution, and infection of this space is rare. 

3. Careful expectant observation can be safely advised for the postoperative 
eural spaces, following small tuberculous resections, if physician and patient 
e confident that a regular schedule of follow-up examination will be adhered 
by both parties. 
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5 HYDROXYTRYPTAMINE (SEROTONIN) AND ITS RELATIONSHIP 
TO THE CARCINOID C YRDIOVASCULAR SYNDROME AND 
RENDU OSLEK WEBER’S SYNDROME 

Cii miles II Sr irks, M D ,* ikdThomisL Tombriwie, M D 
Sr Louis, Mo 

D URING the past fen icais, the eaicinoid cmdioiaseulai s\ndiome lias been 
lecogm/ed and descnhed YYe wish to levien the hteiatnie, add one 
case, and discuss the pathogenesis of the janons fcatuies of the sindionie In 
addition, no will piopose a non explanation foi the pathogenesis of Rendu 
Oslei Webei’s sjndiomc (heiedofamilial telangiectasia), with suppoiting ew 
deuce 

nnmn or litiruuri 

P 1101 to 1953, thoie note onlj spotadic lepoits of cases of cucinoid 
tiimois of the intestine associated with eaidiac \ahidai abnoi malitics This 
association was thought onlj to he coincidental, until Islei and Iledmgei, 1 
m Ziiuth, and Rosenbaum and Ins associates 30 in the United States, in 1953 
independent!} suggested a sjndiomal i clationship of the lanous components 
Thoison and eo woikcis 40 m 1954, published a lcncw and listed as essential 
featuies intestinal caicmoid tunioi with Inei metastasis, dependent edema 
diarihea, telangiectases, asthmatic attacks, flushing and ejanosis, pulmonary 
stenosis, and tiicuspid msufliucncj The ejanosis was \iolaceous m coloi and 
tiansient, and the telangiectases weie found ptmcipallj on the face Thej’’ 
listed 1G esses picsent in the litcratuic up to that time including, not onlj 
those of Islei and Iledinget, and Rosenbaum, but also, G of their own Of 
these 1G casts 12 weie definite and 4 weie questionable to sailing degiees 
As pointed out by McKusieK " 3 these wntcis oieilooked one definite case that 
had appealed eailiei Subsequent!}, 9 acceptable cases hate been le 
poitcd, 1 3 "* including one bj McKusicL 33 who wiote a compiehensnc re 

new on the subject Thus, thete base been twentj one jalid instances of this 
syudiome, to which we aie adding one of oui own, making a total of tiventj 
two to date Othei icpoits indicate possible examples, but cannot be included 
due to lack of autopsy confiimation oi incomplete clinical studi Table I 
includes all the cases of Thoison and associates all subsequent autopsied eases, 
and one case of paiticulai mteiest which will be alluded to latei 0 The piesent 
case is the fiist to hase had complete ante moitern and post moi tem studies, and 
is also the fiist one reported in a Negio 
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before operation, tuberculous lesions were present in the bronchi of 67 per 
cent of the operation specimens. Whereas, in the group which received drugs 
in the immediate preoperative period, these lesions were found in only 24 
per cent of the specimens. 


Table I. Effect of Preoperative Antibacterial Drug Treatment on Incidence of 

Tuberculous Lesions in the Bronchi 


j total number of operation 
| SPECIMENS 

WITH tuberculous lesions in 
transected bronchi 

Patients not receiving chemo¬ 
therapy before operation 

IS 

12 (67%) 

Patients receiving chemother¬ 
apy before operation 

51 

12 (24%) 


In Table II the incidence of these tuberculous lesions is related to the 
duration of chemotherapy before operation. Prolongation of drug treatment 
beyond one week was associated with a continued reduction in the incidence 
of bronchial lesions but there was little further diminution until after eighteen 
weeks of chemotherapy when a sharp reduction occurred. 


Table II. Influence of Duration of Antibacterial Drug Treatment on Incidence of 

Tuberculous Lesions in the Bronchi 


preoperative 

chemotherapy 

total number of 
OPERATION SPECIMENS 

WITH TUBERCULOUS LESIONS 

IN TRANSECTED BRONCHI 

None 

IS 

12 (67%) 

1 week or less 

9 

4 (44%) 

1 to 9 weeks 

16 

3 (19%) 

9 to IS weeks 

15 

4 (27%) 

18 to 39 weeks 

ii 

1 (9%) 


summary and conclusions 

The effect of preoperative chemotherapy on the histology of the bronchus 
has been studied in 69 patients undergoing pulmonary excision for tuberculo¬ 
sis. 

Chemotherapy before operation appears to reduce the incidence of 
tuberculous lesions in the transected bronchi of operation specimens. A con¬ 
siderable reduction in the incidence of these lesions occurs when treatment is 
prolonged beyond one week, but is most obvious after eighteen weeks of 
chemotherapy before operation. These observations support the view ex¬ 
pressed previously that treatment with antibacterial agents before operation 
reduces the incidence of bronchopleural fistula after operation by reducing 
the incidence of tuberculous lesions in the transected bronchi. 
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On a 2 gram salt diet, diuretics, continued digitalis, and bed rest, theie was a tvvcntv 
pound weight loss during a period of a few dajs 

Exploratory laparotomy revealed the liver at tho lc\cl of the umbilicus and to con 
tain numerous whitish tumor masses which measured 2 to 10 cm in diameter The 
mesentery of tho small intestine contained numerous tumor nodules having the same np 
pearanco as those in the liver ho primary lesion was found Biopsies were obtained from 
the liver md small intestinal mesentery and were found to contain circmoid tumor 



rig 2—Right atrium looking through widely patent tricuspid valve orifice Note tie great 
endocardial thickening particular!} e\ident on the cut edge of the atrial nail 



Fig 3—Pulmonary valve The se\ere involvement of the cusps Is shown here Tie com 
missure on the left is retracted to demonstrate its fibrous fusion 

Laboratory data Hemoglobin, 13 3 grams per cent, hematocrit, 4” volumes per cent 
sedimentation rate, 14 mm per hour, white blood count, 5 000 cm per milliliter, blood 
amylase, 133 Somogji units, ADRL negative, and blood urea nitrogen, 19 5 mg per cent 
The stools were negative for blood, ova, and parasites The unnaljsis was normal The 
serum bilirubin was 0 6 mg per cent, alkaline phospli ita*e 110 blood men nitrogen, thjmol 
turbidity, 0 3, albumin, 4 0 6m per cent, globulin, 2 5 Gm per cent, the Bromsulphalcin 
retention 19 per cent after 45 minutes, and ccphahn flocculation negative at 24 and 4S 
hours An electrocardiogram on each admission revealed combined heart strain Hem- 
globin oxygen saturation determinations were as follows Pulmonarj arterj —57 5 p 
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CASE REPORT 

J. B., a 33-year-old Negro male laborer, was admitted to hospital with complaints of 
progressive exertional dyspnea, starting three months prior to admission, and dependent 
edema for one week. There was no history to indicate rheumatic fever. He was well until 
onset of these symptoms. Examination revealed no caidiac enlargement, a Grade 2 
systolic murmur was heard to the left of the sternum, P» was greater than A, and there 
was one-plus pitting edema of both legs. The edema disappeared after digitalization. He 
was discharged without a definitive diagnosis having been made and was followed at home 
for three months. There v as gradualh' increasing vs eakness without exertional dyspnea. 
During the six weeks prior to the second admission, there was a constant ache in the right 
anterior chest and the right upper quadrant of the abdomen, occasionally accompanied by 
nausea. Also, during this time, he had diarrhea consisting of several watery bowel move¬ 
ments daily. This was controlled with paiegoric and never recurred during the remainder 
of the course. The weight remained steady. There was no history of asthma. The patient 
stated that at times his face felt warm “as if it were in an oven.” 



Fig-, i—External \iew of heart shoving prominent right heart enlargement, both atrial and 

ventricular. 

Examination at the second admission revealed an alert young Negro man, not ap¬ 
pearing acutely or chronically ill. The skin and mucous membranes were normal. The 
blood pressure was 110/80 mm. Hg and the pulse was regular. There was minimal venous 
pulsation in the neck. There was no cardiac enlargement. Grade 2 systolic and diastolic 
murmurs were heard best near the left sternal border in the second and third intercostal 
spaces and P ; was greater than A : . The lungs were clear. The liver was palpable at the 
level of the "umbilicus and was firm, nodular, and moderately tender without pulsation. 
Examination of the lower extremities revealed one-plus pitting edema to the mid-leg, 
bilaterally. Cardiac catheterization uas peiformed establishing diagnoses of pulmonary 
hypertension, pulmonary insufficiency, and tricuspid insufficiency. Hemoglobin oxygen 
saturation determinations revealed no left-to-right shunt. A Yim-Silverman needle biopsj 
of the liver contained carcinoid tumor. 
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loner lobo of the right lung, the remaining findings were limited to the heart. The heart 
neighed 300 Gm. There was obvious right heart enlargement, both atrial and \cntricular. 
The pulmonary valve admitted the tip of the little finger with difficulty, and the valve 
cusps were markedly fibrotic and stubby in appearance, with fusion of the commissures. 
The entire right atrium, including tlio auricular nppendage, was rigid and showed a 
glistening, white, very firm endocardium which varied between 1 and 2 mm. in thickness. 
Its consistency on cutting was noted to bo more like that of cartilage than fibrous connec 
tivo tissue. This process ended rather abruptly at the tricuspid valve, W'ith only minimal, 
patchy involvoment of the right ventricular endocardium. The tricuspid valve, howe\er, 
had severely sclerotic leaflets which were thickened and retracted. The chordae tendincae 



Fig 6—Low-power \iew of a pulmonaiw wil\e cusp which has been con\crtrd into 
a mere protuberant nodule of fibrous tissue There is a complete lack of imolvement of the 
pulmonary artcij (on the right) or the right Aentricular endocardium (left) 



Fig 7—Right atrial endocardium under medium power, myocardium in upper left 
corner. The scleiosis as seen here, is of a relnti\ely acellular, fibrillar type. Note the 
absence of inflammatory Infiltrate 


were verj short and thick, those of the septal cusp being only a few millimeters jn length. 
As a result, there was an abnormal]} wide patency of the valve orifice with obwous mcom* 
petency. The right ventricle was moderately hjpertroplucd, measuring 5 mm. m thickness 
The mitral valve leaflets had onl} slight thickening at their free edges, and the chordae 
tendincae were \cry minimally affected, except for one from the anterior leaflet, which was 
considerably shortened. The left atrium, m contiast to the right, wns soft, pliable, and 
of normal size. Tho endocardium did appear somewhat thickened, however. The left ven¬ 
tricle and aortic valve were ontirclj normal. 
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cent, right ventricle—54.1) per cent, right atrium—53.2 per cent, and femoral artery—01.3 
per cent. Qualitative test for 5-hydroxy-indol-acotic acid in the urine was strongly 
positive.>8 Chest x-raj’s made on both admissions were normal and revealed no total or 
chamber cardiac enlargement. 

The course was slowly downhill and the patient died fifteon months after the initial 
onset of symptoms. During the last three months there was increasing congestivo heart 
failure not responding to therapy and intermittent small bowel obstruction requiring in¬ 
tubation. 



Fig. 4 .—Medium high-power view of metastasis in liver. This pattern is typical of carcinoid 
tumors. .As mentioned in tiie text, there is a fairly marked variation in nuclear size. 



Pathologic findings: At autopsy, the peritoneal cavity contained many fibrous adhesions 
resulting in ldnking of the small intestine. A small (1% cm.), primary carcinoid tumor was 
found in the ileum, with local mesenteric and para-aortic lymph node involvement. Jlioio 
was no peritoneal involvement. The liver contained many large yellowish-wlute tumor 
nodules and weighed 1,800 Gin. Except for some focal parenchymal hemorrhage in mo 
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counterpart in the evacuation of the bowels noted in dogs as well as the sub¬ 
jective desire for a bowel movement in man. “Asthmatic” attacks, or transient 
bronchial constriction, have been observed in cats by Com roe,* and similar 
effects were noted in rabbits and guinea pigs by Freyburger and his asso¬ 
ciates. 11 The cardiac changes at present are entirely unexplained, although 
Thorson and co-workers/ 10 and McKusiclc 33 have speculated on them. That 
there is some direct effect of 5-IIT on the endocardium appears certain, in view 
of the key case reported by McKusiek which showed marked left heart in¬ 
volvement in the presence of a patent foramen ovale. It has been shown by 
Page, 10 and others 1 ’ 18, 33 that 5-IIT is detoxified in the lungs, explaining why 
such an abnormal opening is necessary for left heart involvement. In regard 
to the flushing phenomenon, Reid 33 produced a red reaction without itching or 
wheeling in human skin by intraeutancous injection. This red area was sur¬ 
rounded by a zone of venoeonstrietion. In a patient, still living, reported by 
Daugherty and co-workers 0 manual pressure on a proved carcinoid tumor 
produced, after 90 seconds, a warm sensation followed by a red blush that 
lasted for one minute. Scrum serotonin level determined during a period of 
nonflushing was zero (0), while during a flushing episode it was 167 meg. per 
100 ml. of scrum. This certainly indicates a causal relationship between the 
3-IIT released by the tumor and the flushing phenomenon. 

Tn considering all of the cases of this syndrome which are included in Table 
I, it is immediately apparent that the cardiovascular components present them¬ 
selves in the following observed combinations: (1) right heart changes, plus 
left heart changes, plus cutaneous phenomena, (2) cutaneous phenomena, 
(3) right heart changes, and (4) right heart changes plus cutaneous phe¬ 
nomena. 

Cases 9, 22, 23, and 26 represent four examples of combination No. 1. 
In Case 26, there was found at autopsy a patent foramen ovale. It can be 
concluded that 5-HT, in order to escape detoxification, must by-pass the lungs 
enroute to the left heart, or exceed the detoxifying capacity of the lungs. One 
can then, in theory, assume that in Cases 9, 22, and 23, 5-HT also by-passed the 
lungs. Evidence will be cited later to support the view that clinically un¬ 
recognized pulmonary arteriovenous fistulas represent the route of by-pass. 
Case 20 represents an example of combination No. 2 and would suggest that 
the 5-HT level is well below the detoxifying capacity of the lungs, since there 
were no right heart changes. Then again, it is suggested that 5-HT by-passed 
the lungs in order to get into the arterial circulation in its active form to pro¬ 
duce the cutaneous phenomena. Cases 7 and 8 are examples of combination 
No. 3. In these cases one can theorize that there is no means for 5-HT to by¬ 
pass the lungs, that there was sufficient 5-HT in the blood returning to the 
heart to produce the right heart changes but still within the detoxifying 
capacity of the lungs, since there were no left heart changes and there was 
absence of cutaneous phenomena, i.o., flushing and telangiectasia. In carrying 
this same type of reasoning further, one would conclude that in patients cor¬ 
responding to combination No. 4, the 5-HT detoxifying capacity of the lungs 
was exceeded enough to deliver a sufficient amount to pr' tl"^ h faneous 
phenomena, but insufficient to produce the left heart e 
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_ Microscopically, the primary tumor and its metastases demonstrated a typical 
carcinoid pattern, except for increased nuclear pleomorphism, possibly indicating a higher 
degree of malignancy, although this feature has been noted in many types of endocrine 
tumors. Sections from the right atrium showed a relatively acellular, poorly vascularized 
endocardial thickening with no inflammatory infiltrate present. Changes in the tricuspid 
valve were entirely similar, again showing no vascularization or inflammation. The pul¬ 
monic valve, however, did contain an increased number of blood vessels and lymphocytes 
near its ventricular surface. Histochemically, the abundant ground substance in the right 
atrial endocardium was strongly metaeliromatic with toluidine blue, while the delicate 
fibrils present took a positive Masson’s trichrome stain for connective tissue. The 
metachromasia was reversible with testicular hvaluronidase, giving the sclerotic endo¬ 
cardium a very close histochemical resemblance to cartilage. This is interesting in view 
of the gross similarity to cartilage in appearance and consistency (see above). There was 
a conspicuous lack of the “collagen scarring” and vascularization mentioned by Tliorson 
and associates,*o as well as absence of the marked inflammatory infiltrate present in 
McKusick's case . 23 In general, the histologic changes here appear distinctive, and do not 
seem to be those of a “burnt out endoearditis”m or a primary inflammatory process. 

Summary of Anatomic Diagnoses .— 

A. Carcinoid tumor of tlie ileum with hepatic and local lymph node metastases. 

B. Endocardial sclerosis of right atrium and pulmonary and tricuspid valves, with 
pulmonic stenosis and tricuspid insufficiency. Minimal thickening of mitral valve leaflets 
and their chordae tendineae. Right heart dilatation and hypertrophy. 

C. Peritoneal adhesions and kinking of small intestine. 


DISCUSSION 


It has been known for many years that a vasoconstrictor substance is 
present in the serum after blood has clotted. 20 ' 39 The pharmacology of this 
naterial has been studied extensively in l-ecent years, and has been isolated 
n pure form by Rapport, 30 and given the name “serotonin.” This substance 
.vas subsequently synthesized by Hamlin and Fisher, 16 in 1951, and is now 
mown to be 5 OH tryptamine (5-HT). Experimental evidence indicates that 
:he bulk of serotonin in the blood is carried in platelets but is not formed 
;here. 12 ’ 33 


The source of serotonin, however, was discovered by an entirely different 
method of investigation. Long ago, Masson 1- ’ considered the enteroehromaffin 
system as a diffuse endocrine organ analogous to the pancreatic islets, and 
iareinoid tumors, which arise from these chromaffin cells, were held by him to 
)C endocrine tumors. Erspamer, 7 ’ n-10 in a long series of experimental studies 
m this subject, eventually extracted a hormonally active material from gastro- 
interic mucosa, which he named ‘‘enters mine. Later, he and Asero 8 shov ed 
Ms substance to be 5-HT, thus chemically identical to serotonin. Lembeek, 22 
n 1953 , extracted large amounts of 5-HT from a carcinoid tumor, confirming 
die speculation of Masson forty years previously. The exact physiologic role 
ir roles of 5-HT in the human body has not been determined conclusively; 
however, the effects of administration have been studied in man and several 
species of animals by Page and co-workers, 27 ' 28 Comroe;' Reid, 32 ’ 34 - 35 Correll, 5 
and Freyburger 11 and their associates, Erspamer, 7 ’ 9 ’ 10 and others. Except for 
the cardiac lesions, the main features of the syndrome are easily explained in the 
Light of this experimental work on serotonin effects. The diarrhea finds its 
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RtXDU OSL.ER TIBER’S SYNDROME 

Rendu Oslci-Webei’s syndiome (heiedofamihal telangiectasia) is defined 
as telangiectasia of the shin and mucous memlnanes which is occasionally 
fatal, due to liemoi iliagc Oailand and Aiming 13 ic vie wed the liteiatuie on 
this subject and presented voluminous evidence suppoiting the heieditary 
factoi ill tins svndiomc 

As mentioned above, Goldman attempted to establish pulmonaiy A-Y 
fistula as a manifestation of Rendu Oslci Wcbci’s syndiome, 1 e, telangiectasia 
of the lungs We wish to challenge this concept m Rendu Oslei-Webei’s syn 
diomc and to offei a new explanation foi its etiology with suppoi ting evidence 

The finding by Mini of telangiectasia (Rendu Oslei Wcbci’s syndiome) 
in 53 pei cent of 117 cases of pioved pulmonary A V fistula piovcs a moie than 
coincidental lelationship between the two entities Yatei, 1 " Sliefts, 3 Whitaker,* 1 
and others suppoit this view by stating that pulmonaiy A-Y fistula should be 
consideied a pait of Rendu Oslei Webei’s svndiomc and cite supposing evi 
donee foi this statement 

Wo wish to offei the hvpothcxis that the telangiectasis m Rendu Oslei 
Wobei’s syndiome is pioduced by 5 JIT which escapes ch toxific ition by bv 
passing the lungs via a pulmoiiaiv A-Y fistula (oi fistulas) which may oi mav 
not bo demonstiablc climcallv oi locntgenogiaphieallv Bata repotted bv 
Daugheity and co vvoiheis 6 and otlicis establish that 5 1 IT is a noimal con-,titu 
cut of the blood and is simple ineicascd m patients who have the caicinoid 
eaidiovasculai svndiomc Theie is eonclusive evidence that pulmoiiaiv AY 
fistulas exist which cannot be diagnosed climcallv oi loentgenogiaphically The 
authors aie conducting studies on consecutive loutinc autopsy cases to do 
tcimme this incidence 

The foregoing ev idence w ould indicate that one should find telangiectasia 
in patients with mtracaidiac light-toleft shunts In a peisonal communion 
tion Di Chestet P Ljnxwilei, St Louis, Wo , stated that telangiectasia is not 
uncommonly found developing in patients with the tetialogy of Fallot who 
suivive to the second decade and Iongei The authois aie investigating this 
incidence fuithei 

COXCL.USIOXS 

1 It would seem that the concentiation of 5 IIT icaehiiig the heait chain 
beis must be gteatei to pioduce the endocaidial changes than that leqiuicd 
for the cutaneous phenomena 

2 The length of time of exposure to 5 IIT is obviously a factor m the 
pioduction of the endocaidial changes and telangiectasis, but not the flushing 
In view of the fact that, in the icpoitcd cases of carcinoid cardiovascular syn 
drome, theie were several cases of telangiectasia without left heart changes 
but none with left lieait changes and no telangiectasia, one can conclude that 
with a given concentiation of 5 HT m the aitcnal endilation, a longer time 
wall be lequned to pioduce the left heait changes than to produce telangiectasia 

3 The telangiectasia commonly seen associated with pulmonary AY 

fistula is piobably due to 5 HT escaping detoxification m F I ng 

through the fistulas 
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follow that a greater concentration of 5-IIT in the blood reaching the systemic 
arterial circulation is required to effect the left heart changes than that re¬ 
quired to produce telangiectasis. 

In carrying out the above analysis, information from an entirely different 
source took on particular significance. In 1955, Muri 25 reviewed the literature 
and found 117 reported cases of pulmonary arteriovenous (A-Y) fistula. Sixty- 
two (53 per cent) of these patients were reported to have telangiectasia. The 
other 55 may or may not have had it as the presence or absence was not re¬ 
ported. Muri mentioned that some of these patients had episodes of reddish- 
blue cyanosis. 

Table I 
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Li = living-. 

+ — proved. 

? = possible but not proved. 

- = neither proved nor disproved. 


0 = proved absence. 

St. = stenosis. , , „ . , 

Ti-Tio = cases reported by Thorson. et al.'“ 
5 HIAA = 5-liydroxy-indol-acetic acid. 


Goldman 14 considers pulmonary A-V fistula to be a manifestation of 
Rendu-OslerAVeber’s syndrome, i.e., a pulmonic manifestation of the telangiec¬ 
tasia. In view of the part played by 5-IIT in the carcinoid-cardiovascu ar 
syndrome, it is proposed that 5-HT, which is known to be produced normally 
by the enterochromaffin system, 8 by-passes the lungs by way of the pulmonary 
A-Y fistulas in sufficient quantity to produce the telangiectasia. Y e might 
then expand this reasoning to hypothesize that Eendu-OslerAVeber s syndrome 
is a result of pulmonary A-Y fistulas, whether or not they are clinically demon¬ 
strable. 
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. ,, ' 11 monai 'y A ~ v fistulas, which are not necessarily demonstrable clin¬ 

ically or roentgenographically, are probably the route taken by 5-HT in by¬ 
passing the lungs and therefore escaping detoxification to produce the telan- 
giectasia m Rendu-Osler-Weber’s syndrome. If this is true, Rendu-Osler- 

" Gber s syndro,ne “ a result of pulmonary A-Y fistulas. In this event, the 
great amount of evidence in the literature to support the view that Rendu- 
Os er-Weber’s syndrome is an inherited characteristic then becomes evidence 
to support pulmonary A-Y fistula as the inherited characteristic. Further in¬ 
vestigative work must be carried out to confirm this hypothesis. Cases of 
Rendu-Osler-Weber’s syndrome should be investigated for increased blood 
levels of 5-HT and presence of pulmonary A-Y fistula. Therefore, it is recom¬ 
mended that in these cases chest x-rays be made, blood hemoglobin oxygen 
saturation be determined, and special procedures be carried out on autopsy 
material in search for pulmonary A-V fistulas not demonstrable clinically. 

5. In all cases of proved pulmonary A-Y fistula, but especially those with 
telangiectasia, levels of 5-IIT should be determined before and after the fistula 
is eradicated by surgery. At the same time, ai'terial hemoglobin oxygen satura¬ 
tions should be determined before and after surgery and compared to the 
changes found in the 5-IIT levels. 


SUMMARY 


1. A review of the literature of the carcinoid-cardiovascular syndrome is 
presented and one ease added. 

2. The various features of the carcinoid-cardiovascular syndrome are dis¬ 
missed with particular emphasis on the probable role of right-to-left shunts in 
he evolution of the cardiovascular phenomena. 

3. An explanation for the telangiectasia seen in a large per cent of clinically 
lemonstrable pulmonary A-Y fistulas is offered with supporting evidence. 

4. The accepted hereditary factor in Rendu-Osler-Weber’s syndrome 
s challenged and a new explanation for its pathogenesis offered. 

5. Investigative procedures for patients with Rendu-Osler-Weber’s syn- 
Irome and with clinically demonstrable pulmonary A-Y fistulas are recom¬ 
mended. 
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In Part 3, tlie pcupheial vasculai lcsponse to hypei ventilation m patients 
whose venous blood had been “arteualized” was studied by the impedance 
plethjsmogiapli 

METHODS AND CLINIC 4L MATERIAL 

The “aitenaliration” of venous blood was accomplished by the method of 
Wemei and Coopei,’ except that the foicaim was immeised m water at a 
tempeiatuie of 44° to 4G° 0 foi 20 instead of 10 minutes A thermostaticalb 
controlled watei bath was cmplojcd The pO- and pCO : weie detcimined 
bj the method of rillcv” with the Scholandci blood gas tension appaiatus 
Thnty-unit Roughton Scholander sjnnges weie used All tension detei- 
minations weie accomplished in duplicate and mean values lepoited The 
mean diffeiences between duplicate detciminations weie 2 3 mm Ilg foi p0 2 
and 2 4 mm Ilg foi pCO- 

It was found that a number of patients, with the foieaim immeised in the 
water bath, complained of faintness aftei completing 20 seconds of maximum 
deep bieatlung, the method employed by Bjoik The same patients did not have 
that pioblem after taking fixc deep bieaths (aveiage time, 10 8 seconds) It 
was foi that icasoii that hypei ventilation consisting of five deep bieaths taken 
at the patient’s own speed was emploved m P.nts 1 and 2 In Pait 3, the 
lesponscs of the pcupheial vasculai svstein lo the two methods of hvpeivcntila 
tion weie studied 

All subjects weie male adults and patients at the Vetcians Administration 
Hospital, Piovidence, R I 

In Pait 1, 20 patients weie studied They had no clinical evidence of 
pulmonary oi cardiovasculai disease The 8 patients studied m Pait 2 bad 
no evidence of peripheral vasculai disease, but did demonstrate vaijing degrees 
of pulmonaiy dysfunction The established clinical diagnoses on these patients 
aie piesented in Table I Artenal blood was obtained fiom the brachial aiteij 
24 hours aftei the “arteualized” venous blood samples because the intucacies 
of blood gas tension analysis techniques precluded simultaneous examination of 
the numbei of aitenal and “aitenalizcd” venous blood samples necessary to 
make the compausons with duplicate detciminations The 18 patients studied 
m Part 3 had no clinical evidence of pulmonary oi caidiovasculai disease 


Table I—Established Diagnosis or Pulmonary Disease—8 Patients in Whom the pO, 
and rCO of “Arterialized' 1 Venous Blood and Arterial Blood Before and 
After IIvefe ventilation VVepe Compared 


PATIENT 

| AGE V R 

1 PUIMONAR\ DISEASE 

l 

62 

Diftnse pulmonary metastascs from carcinoma ol prostate* 


47 

I eft pneumonectomj, and thoracoplasty, postoperative for ear 
cinoma of lungf 

C 

32 

Right middle lobectomj, postoperati\e, for bronchiectasis, bron 
chiectasis, left loner lobe 

d 

58 

Right pneumonectomj, postoperative, foi carcinoma of lung 

e 

59 

Chronic bronchitis and emphysema 

f 

61 

Chronic bronchitis and emphysema* 

S 

34 

Postoperative decortication for pjoncumothorax, right* 

h 

59 

Silicotul erculo'sis, bilateril 


•Dyspnea at rest 
iDyspnea on exertion 




THE USE OF “ARTERIALIZED” VENOUS BLOOD FOR THE 
DETERMINATION OF CHANGES IN THE ARTERIAL 0, AND 
C0 2 TENSIONS FOLLOWING HYPERVENTILATION 

David L. Brook, M.D.,° James B. Knight, Jr., M.D.,** ; 
and Philip Cooper, 

Providence, R. I. 


I N a previous publication, 1 it was reported that the 0 2 and C0 2 tensions of 
“arterialized” venous blood approximated those of arterial blood in patients, 
at rest, with no clinical evidence of peripheral vascular disease. That study 
was the first part of an over-all evaluation of the use of “arterialized” venous 
blood as a substitute for arterial blood in determining changes in the p0 2 and 
pC0 2 of arterial blood following hyperventilation or exercise in normal subjects 
and in patients with or without cardiopulmonary disease. Bjork 2 had reported 
on the change in p0 2 and pC0 2 of arterial blood following hyperventilation and 
exercise. If "arterialized” venous blood could be substituted for arterial blood 
for the determination of these tensions, it tvould obviate the need for arterial 
punctures which may be more difficult to perform and which may involve more 
of a hazard to the patient. 

It has been reported that hyperventilation causes peripheral vasoconstric¬ 
tion. 3 ' 3 Pletliysmographie studies were, therefore, accomplished before, during, 
and after hyperventilation on a number of patients whose venous blood had 
been “arterialized” to determine to what extent hyperventilation interferes 
with the “arterialization” process. 

The present investigation was divided into three parts. In Part 1, the 
p0 2 and pC0 2 changes in “arterialized” venous blood after hyperventilation 
were studied. 

Part 2 concerned patients with pulmonary disease. The purpose of that 
study was to compare changes in gas tensions of arterial and “arterialized” 
venous blood after hyperventilation. No attempt was made to correlate the 
results of the blood gas determinations with abnormalities of pulmonary func¬ 
tion. The results of such a study on a larger series of patients will be reported 
at a later date. 
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PFSUL1S 

The effect oE In pa ventilation on the pO- and pCO- oE ‘ aitciuli/ed" 
venous blood (Pait 1) on 20 male patients with no clinical evidence ot pubiionai' 
oi caidiovasculai disease is shown m Table II, and giaplncallv piesented in 
Figs 1 and 2 Hyperventilation pioduccd a significant lncieise m pO- (mean 
change, +10 4 ± 11), and a significant deeienso m pCO : (mean change, -07 + 11 
mm Ilg) 



pCOj BEFORE & AFTER 5 DEEP BREATHS 

Fis 2—The pCOa of arterlalized venous blood before ond after five deep breaths—20 patients 
with no pulmonary or cardio\ascular disease 

The lesults of Pait 2 of the study, compaung pO. and pCO» of aitenal 
and “aiterialized” venous blood following hyperventilation, are shown m Tables 
III, IV, V, and VT, and graphically presented in Figs 3 and 4 Hapmentila 
turn pioduced a significant increase m pO- in both “artenalized” venous blood ** 
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Pletliysmographie tracings were taken from the right index finger before, during, 
and after five deep breaths, and before, during, and after a 20-second period 
of maximal deep breathing, while the right forearm of each patient was immersed 



p 0 2 BEFORE & AFTER 5 DEEP BREATHS 


- Th e P o, of —- 20 PatientS 


in a water bath for ‘ ‘ arterialization. ’ ’ The 
was fabricated in this Laboratory and is 


impedance plethysmograph employed 
a modification of one described by 


Dubois and Nims.‘ ^ 

All data were statistically analyzed, using the “t 
value of 0.05 or less was considered significant. 


test of Fisher, and a 


P 
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CASE NO. 

pO. MM. Hg 


PCO. MM. Hg 


! BEFORE 

j AFTER | 

difference 

BEFORE 

| AFTER | 

difference 

1 

/ /.9 

92.5 

-14.6 

39.3 

22.7 

-16.6 


75.7 

83.4 

+ 7.7 

42.2 

35.9 

- 6 3 

3 

72.0 

78.9 

+ 6.9 

51.4 

39.1 

12 3 

4 

83.9 

82.4 

- 1.5 

41.3 

35.3 

6 0 

5 

69.6 

92.9 

+23.3 

39.8 

28.9 

10 Q 

6 

69.6 

78.0 

+ 8.4 

45.8 

29.7 

16 1 

7 

94.0 

101.4 

+ 7.4 

35.3 

29.6 


s 

83.0 

97.6 

+14.1 

35.7 

32.4 

- 3 3 

9 

77.5 

92.6 

-rlS.l 

49.7 

37.7 

-12 0 

10 

71.9 

S5.9 

+14.0 

37.3 

29.8 


11 

73.6 

83.0 

+ 9.4 

47.4 

36.3 

-11.1 

12 

78.6 

S7.6 

+ 9.0 

43.S 

38.9 

4 9 

13 

S9.3 

102.6 

+13.3 

41.1 

18.7 

99 4 

14 

Sl.S 

8S.7 

- 6.9 

43.1 

38.4 

- 4 7 

15 

S2.2 

91.0 

+ 8.8 

44.2 

34.6 

- 9.6 

16 

72.7 

S5.0 

+12.3 

42.9 

31.7 

-11.2 

17 

83.9 

90.2 

+ 6.3 

43.S 

39.2 

- 4.6 

18 

S0.3 

S6.9 

- 6.6 

44.6 

34.9 

- 9.7 

19 

75.2 

90.9 

+15.7 

45.6 

38.5 

- 7.1 

20 

S4.8 

94.3 

+ 9.5 

39.2 

26.6 

-12.6 


7S.9 ± 1.5 

Mean pO-—after hyperventilation 
S9.3 ± 1.5 

Mean difference—paired comparison method 
-10.4 ± 1.1 


Mean pCO.- 


hyperventilation 
42.7 ± 0.9* 


Mean pCO.—after hyperventilation 
32.9 ± i.3 

Mean difference—paired comparison method 
-9.7 + 1.1 


t = 9.1 


P = 0.0001 


t = 8.9 


P = 0.0001 


'Standard error of the mean. 


Table III. Data on the Effect of Hyperventilation ox the pO : and pCO, of “Arterial- 
ized” Venous Blood—Patients With Pulmonary Disease 


Patient 

| pO. MM. Hg 

1 pCO; MM. Hg 

| BEFORE 

j AFTER | 

DIFFERENCE 

| BEFORE 

| AFTER | 

DIFFERENCE 

a 

53.0 

51.S 

- 1.2* 

30.3 

32.2 

- 1.9 

b 

72.4 

S7.6 

+15.2 

40.9 

22.3 

-18.6 

c 

83.5 

93.5 

+10.0 

41.1 

35.7 

- 5.4 

d 

79.3 

S5.5 

6.2 

40.3 

32.6 

- 7.7 

e 

71.2 

79.0 

+ 7.S 

35.4 

33.2 

- 2.2 

f 

61.2 

69.2 

+ 8.0 

45.0 

37.S 

- 7.2 

c 

68.8 

76.6 

+ 7.S 

44.1 

30.7 

-13.4 

h 

66.4 

81.5 

-*■15.1 

52.2 

40.8 

-11.4 


Mean pO-—before hyperventilation Mean pCO : —before hyperventilation 

69.5 ± 3.3 41 - 2 ± 2 - 2 


Mean pO.—after hyperventilation Mean pCO, after hyperventilation 

7S.1 ± *4-6 33.2 ± 2.0 

Mean difference—paired comparison method Mean difference paired comparison method 

+ 8.6 ± 1.8 - S- 1 ± 2 - 3 

t = 4.65 P = 0.002 _ t = 3.56 P = 0-001 _ 

- r Patient - appeared to hyperventilate satisfactorily. The results may indicate a diffusion 
defect due to extensive metastases. 



Volume 33 
Number 3 


“ARTERIALIZED” VENOUS BLOOD 


419 


DISCUSSION AND SUMMARY 

This study was concerned primarily with the efl'cet of hyperventilation on 
the p0 2 and the pC0 2 of “arterialized” venous blood. A five deep breath 
hyperventilation method was employed. In the first part of the study, in 
patients without clinical evidence of pulmonary or cardiovascular disease, it 
was found that the p0 2 was significantly elevated and the pC0 2 significantly 
depressed following hyperventilation. 



The second part of the study on patients with pulmonary disease compared 
“arterialized” venous blood and arterial blood. Comparison of the mean 
pO. and pC0 2 of “arterialized” venous blood and arterial blood before and 
after hyperventilation revealed no significant differences. However, using the 
paired comparison method, it was found that the mean differences between the 
p0 2 of “arterialized” venous blood and arterial blood before and after hyper¬ 
ventilation were statistically significant. 

The mean differences in p0 2 levels between the two blood samples before 
hyperventilation were of borderline significance, but after hyperventilation 
were of definite significance. The mean differences between the pC0 2 levels in 
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In Table YI, the p0 2 and pC0 2 determinations of “arterialized” venous 
blood and arterial blood before hyperventilation, and after hyperventilation, 
ivere analyzed by the paired comparison method. This analysis revealed a 
difference of only borderline significance between the p0 2 of “arterialized” 
venous blood and arterial blood before hyperventilation (P = 0.047); after 
hyperventilation, however, the difference between the p0 2 levels of the two 
bloods was significant (P = 0.001). The pC0 2 levels analyzed by the same 
method showed no significant differences. 



0 2 BEFORE & AFTER 5 OEEP BREATHS 

Fig. 3.—The pO. oC < ' art ^g^y^].jj V ^tj'e n t^ 0 ^rftlf I j?ulinonary di^se.® 

In Part 3 plethysmograpliic tracings were analyzed by the method depicted 
in Pig 5 The amplitude changes and base line shifts 

results of analysis of tendency to 

boS types of deep breath^ — 
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1 2 3 4 5 


Fig:. 6-—Photograph of plethysmographic tracing: taken before, during, and after five 
deep breaths, demonstrating the method of determining the amplitude change and base line 
shift. The tracing i\aa on slow speed during the iUe deep breaths n. Amplitude before 
h> pen entllation; b, amplitude after hyperxcntilntion; c, base line shift, and d, 1 ohm 
standard. 1, 2, 3, 4, and 5 Indicate the time for each deep breath 



milTHDt CHANGE ** SE llllt 3,1,1 


CHANGE in FINGER IMPEDANCE 

ris. G — Scattereram of amplitude change and base line shift—18 patients nlth no 
pulmonary or cardiovascular dfsease—as measured bj- the electronic plethysmograph before 
and after flte deep breaths and 20 seconds of deep breathing. 
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Table VI. 


Comparison of the pO_. and pCO, of “ 
terial Blood Before and After 


Arterialized 5 ' Venous Blood and Ar- 
Hyperventilation 


patient arterial 


p0 2 AIM. Hg 

7 arterialized ’ 


___ pCO; MM. Hg 

| difference arterial | ‘ ‘ arterialized 1 
Before 


I difference 


a 

b 

c 

cl 

e 

f 

S 

h 


54.1 

53.0 

96.2 

72.4 

87.9 

S3.5 

80.1 

79.3 

84.4 

71.2 

60.9 

61.2 

74.9 

68.8 

72,6 

66.4 


- 1.1 30.6 

-23.8 42.1 

- 4.4 41.7 

- 0.8 52.0 

-13.2 30.4 

+ 0.3 48.4 

- 6.1 45.6 

- 6.2 37.7 


30.3 

- 0.3 

40.9 

- 1.2 

41.1 

- 0.6 

40.3 

-11.7 

35.4 

+ 5.0 

45.0 

- 3.4 

44.1 

- 1.3 

52.2 

+14.5 


Mean difference = -6.9 ± 2.9 Mean difference — +1.0 + 26 

t = 2.38 P = 0.047 t ~ 0.38 P = >0.57 


After 


a 

53.2 

51.8 

- 1.4 

29.4 

32.2 

+ 2.8 

b 

99.6 

S7.6 

-12.0 

35.5 

22.3 

-13.2 

e 

102.S 

93.5 

- 9.3 

31.4 

35.7 

+ 4.3 

d 

93.S 

S3.5 

- 8.3 

41.7 

32.6 

- 9.1 

e 

99.2 

79.0 

-20.2 

29.3 

33.2 

+ 3.7 

f 

90.7 

69.2 

-21.5 

35.0 

37.S 

+ 2.8 

g 

85.8 

76.6 

- 9.2 

33.4 

30.7 

- 4.7 

h 

96.3 

81.5 

-14.S 

32.3 

40.S 

+ 8.5 


Mean difference 

= -12.1 + 2.3 


Mean difference = -0.6 ± 

2.7 


t — 5.26 P 

= 0.001 


t = 0.22 

P = >0.57 



Table VII. Impedance Changes Index Finger of Right Hand, After Five Deep Breaths 
and 20 Seconds of Maximum Deep Breathing—Amplitude Change 
and Base Line Shift 


amplitude change (ohms) 



FIVE DEEP BREATHS 

20 SECONDS DEEP 
BREATHING 

FIVE DEEP 
BREATHS 

20 SECONDS DEEP 
BREATHING 

NO. 

CASE 

BEFORE 

AFTER 

DIF- 

FERENCE 

BEFORE 

AFTER 

DIF¬ 

FERENCE 

DIFFERENCE 

DIFFERENCE 

1 

0.64 

0.50 

-0.14 

0.55 

0.52 

-0.03 

-2.00 

-0.27 

2 

0.19 

0.19 

0.0 

0.18 

0.18 

0.0 

-2.38 

-1.71 

3 

0.42 

0.23 

-0.19 

0.24 

0.24 

0.0 

-1.92 

-1.84 


0.38 ( 

0.08 ( 

0.13 ( 

0.17 ( 

0.63 ( 

0.27 ( 

0.54 ( 

0.08 ( 

0.86 ( 

0.22 ( 

0.30 ( 

0.21 ( 

0.83 ( 

0.59 ( 

0.49 C 

Mean d: 

0.05 ± 

t = 2.7 


difference = 

± 0.02 


0.30 0.20 -0.10 

0.10 0.10 0.0 

0.12 0.12 0.0 

0.17 0.17 0.0 

0.44 0.38 -0.06 

0.36 0.27 -0.09 

0.45 0.54 +0.09 

0.25 0.17 -0.08 

0.80 0.71 -0.09 

0.31 0.31 0.0 

0.33 0.28 -0.05 

0.11 0.17 +0.06 

0.77 0.77 0.0 

0.36 0.41 +0.05 

0.45 0.55 +0.10 

Mean difference = 
- 0.01 ± 0.01 
t = 0.8 
t> — 


-1.52 

-1.33 

-0.17 

0.0 

-4.13 

-1.34 

-1.16 

0.0 

-5.0 

+ 1.22 

-1.25 

0.0 

0.0 

+ 1.10 

+1.09 

Mean difference 
-1.04 ± 0.40 
t = 2.61 
P = 0.02 


-2.50 

+0.48 

-0.84 

0.0 

-2.09 

-2.07 

-1.34 

0.0 

-0.61 

+1.97 

-1.25 

-0.63 

-4.81 

- 1.00 

+ 1.11 

Mean difference 
= -0.97 ± 0.36 
t = 2.7 
P =: 0.015 




In Memoriam 


CutL Eocuts 

3L\rlii 14, 3870— OcTonFit 24, 195G 

C ARL EGGERS, outstanding example of the best in Ainciican suigciv tame 
to this countiv, a fathciless teen age boy, m the lSDO’s lie btought with 
him a heavy sense of lesponsibilitv to Ins widowed mother and his voungei 
biothei in Oldenbtng, Geimam Those close family ties weie ncvei broken 
Not even the emotional stiesses of Woiid Wai 1 could affect them An uncle 
in Hempstead, Long Island, otlcied him a home m this new countiv and a 
fuendlj shcltei until he could establish himseli m the land of opportunity 
but young Carl had to yvoik lus own was He, also, had to make a sen im 
poitant decision He wanted, with all his hcait, to ho a doctoi, but that would 
take time, seals of time, it would cost monci monci that lie would line to 
earn, and, most seiiotts of all, it would postpone the day when he could eon 
tribute to lus mother’s suppoit Thetc weie othu pioftssions such as engineei 
ing oi dentistn, that would yield eailici finanual i etui ns hut medicine tn 
umplied and it is nice to know that Call Eggcis’ mothci hud to see hei son 
fumh estahlished in lus chosen piofession and to leceiie geneiously fiom lus 
earnings Eien so, Call Eggcis had to foiego a college education and he was 
28 yeais old when he recoiled lus haid won and tieasuied degiee in Medicine 
from Columbia’s College of Physicians and Smgeons m 1007 

AVliat could be moic natuial than that Call Eggeis should seek foi and 
obtain an internship at New Yoik’s “German Hospital ’ renamed during 
World Wai I, the Lenox Hill Hospital Tlicie be soiled a two and one half 
jeai internship, 1908 to 1910 leais when foundations weie being laid for some 
of America’s contributions to thoiacic surgery, Will} Me}ei s fiist lobectom} 
was peiformed theic in 1909, and the famous “negative picssuie chambei ” was 
placed in operation m 1909 Tioin 1910 to 1914 young Hi Eggers was on duty 
m the Smgieal Dispensary and, in 1914, he became Adjunct Suigeon on the 
Waid Seri ice Moie thoiacic lnstoiv was wiitten at that hospital m those 
aeais Tianr Torek earned out the fiist successful leseetion of the esophagus 
w 1913, the bronchoscopist was established as a lalued paitnei of the thoiacic 
suigeon m the caie of pulmonary suppmation, and William LI Stewart demon 
strated the feasibility of pneumoperitoneum Call Eggeis, himself often 
served as anesthetist foi Willy Wevei’s thoiacic operations done in the “nega 
tne piessuie chamber ” Eggeis was piomoted to Associate Surgeon in 1918 
Attending Suigeon m 1924, Consulting Suigeon but such an active participant 
two years aftei the usual age limit would compel one to lclinquish tile title of^». 
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arterialized ’ venous blood and arterial blood before and after hyperventilation 
showed no significant differences. The comparatively lower p0 2 of “arterial¬ 
ized” venous blood after hyperventilation was shown by the impedance pletliys- 
mograpli to be due to vasoconstriction which occurred in most patients in 
Part 3 of the study, and reduced to some degree the vasodilation produced by 
the “arterialization” process. 

“Arterialized” venous blood may be used as a substitute for arterial blood 
in studying changes produced by hyperventilation in the 0 2 and C0 2 tensions. 
It is felt that the numerical difference in p0 2 tensions between the two bloods, 
as shown by the paired comparsion method, does not preclude the use of 
“arterialized” venous blood for that purpose. 

Statistical methods and data were reviewed in detail by Herman B. Chase, Bio- 
metrician and Professor of Biology at Brown University, Providence, R. I. 

We wish to acknowledge the technical assistance of Mrs. Dorothy H. Burke, Bio¬ 
chemist, Surgical Research Laboratory, Veterans Administration Hospital, Providence, R. I. 
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The Council was therefore empowered to elect, prior to the first annual meet¬ 
ing, such additional members as had already demonstrated their interest and 
ability in thoracic surgery. Fifteen men were so elected; Carl Eggers was in 
that group. lie was a very active member, rarely missing a meeting, always 
participating in the scientific discussions, and frequently appearing on the 
scientific programs as essayist. In 1927, he was elected Treasurer and served 
for six years; in 1935 he served as Vice President; in 193G as President; and 
in 1937 on the Council. Twelve times during his twenty-four years of active 
membership he served on some committee assignment and after his retirement 
to senior membership in 1944 he was made chairman of the Association com¬ 
mittee to consider the establishment of the Board of Thoracic Surgery. AVc 
are all familiar with the very great contribution that he made in that capacity. 

In World War I, Carl Eggers applied for and received a commission in the 
Medical Corps of the Army of the United States. lie served as Captain at 
Camp Jachson and saw the devastating effects of the influenza epidemic and 
of post-influenzal empyema. A Major, he served as S. G. 0. Consultant in 
Thoracic Surgery. In that capacity, he came to Walter Eecd General Hospital 
in the late summer of 1919. The author of this memoir was on duty there as 
Chief of the Empyema Section of the Surgical Service. Carl Eggers' mission 
was to expedite the definitive care of the more refractory cases. He had power, 
if he felt it advisable, to take over the conduct of the Section. Anything could 
happen. Courteous, kind, gentle, Carl Eggers became a most welcome guest, 
welcome alike to personnel on duty and to patients. The Sclicdc operation was 
the approved method of dealing with chronic empyema cases that had resisted 
all gentler means. Four “Schcdcs” were listed each day and the Consultant 
shared the cases equally with the Walter liced personnel. What a preceptor 
he proved to be. The Walter Eecd assignment was Carl Eggers’ last duty with 
the Army. Bank was not bestowed lavishly in World War I. Few doctors 
from civil life received more than a Major’s gold leaves. But one day Carl 
Eggers appeared with the silver leaves of Lieutenant Colonel and the next day 
he was out of uniform and back in mufti. It was the Army’s accepted way of 
saying “well done” for outstanding professional sendees. 

On March 15, 1919, the day after his fortieth birthday, Carl Eggers mar¬ 
ried Mrs. Caroline J. Bolter in Chicago, Ill. It was a most happy marriage, as 
those who have been guests in the Eggers’ home can well attest. Mrs. Eggers' 
father, Edward Henes, had been a trustee of the German Hospital and her 
brother, Dr. Edwin Henes, was a member of the professional staff. Mts. Eggers, 
herself, was vitally interested in the hospital’s welfare and worked hard on the 
Ladies Aid Society. Mrs. Eggers, her two sons, and five grandchildren survive 
Carl Eggers. 

For all his heavy duties at Lenox Hill Hospital, Carl Eggers found time 
to serve on the surgical staffs of New York Skin and Cancer Hospital (Asso¬ 
ciate, Attending, Director of Surgery), as Director of Surgery at Stuvvesant 
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“attending. ’ During those active years Carl Eggers contributed his share 
to the growth and expansion of thoracic surgery. lie is credited with the 
fourth successful resection of the esophagus for carcinoma, in this country. 

His whole professional life was closely identified with the Lenox Hill Hos¬ 
pital. His office was just across the street; he lived just across the street; to 
that hospital went his library, his office equipment, and his record files and, in 
return, out of love and affection for the man who had served so long, so gener¬ 
ously, and so selflessly, the Trustees of Lenox Hill Hospital voted to name the 
operating room suite of the planned new building, “The Dr. Carl Eggers 
Operating Suite.” "Word of that honor came to Carl Eggers during his last 
sickness. He was deeply moved. The subscription books have not yet been 
closed on the funds for that new building program. 



Cari. Eggers 
1S79-1956 


Carl Eggers was elected to membership in the American Association for 
Thoracic Surgery in the interval between the organization meeting of 191' anc J 
the first Annual Meeting, hi 1918. At the time of the “luncheon meeting at 
the Waldorf” in June, 1917, when the Association was organized it was 
realized that many men who should have been included with the fifty founders 
were prevented from attending by reason of wartime duties or circumstances. 
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MITRAL commissurotomy performed from toe right side 

Charles P. Bailey, M.D.,® axd Dhyihix P. Morse, M.D. e * 
Philadelphia, Pa. 

HISTORICAL ASPECTS OF .MITRAL COMMISSUROTOMY 

T IIE development of an efficient surgical treatment for mitral stenosis lias, 
like most other significant medical advances, been preceded by a long 
period of observation and investigation, formulation, and finally clarification 
of concepts. After an interval of trial and error, significant clinical success 
has been achieved in a large number of cases. However, there has been no 
cessation in our efforts to extend the benefit of surgery to a wider group of 
patients and also qualitatively to improve the individual result. The present 
report describes a new development which, it is felt, has much to offer. The 
historical background of this conecptional change is interesting and pertinent. 

The first good description of the pathologic entity which we know as mitral 
stenosis was given by de Vieussens 1 in 1705. In 1819, Laennec 2 correlated 
the clinical features of the disease with the observed pathologic changes, dis¬ 
cussed the probable disturbances of physiology, and described the auscultatory 
findings which make an accurate diagnosis possible during life. A direct 
surgical attack upon the stenotic valve in order to enlarge the orifice (“slightly 
notching the valve”) was proposed by Samways, 3 in 1898, and by Brunt on, 1 
in 1902. The latter specified that the surgical incisions should lengthen the 
valve slit. 

This work done during tenure of a National Heart Institute Fellowship, 

This work was supported by the Mary Bailey Foundation for Heart and Great Vessel 
Research. Philadelphia, Pa. 

All of the catheterization and other physiologic data were supplied by Dr. Harry Gold¬ 
berg and The Brith Sholom Cardiopulmonary Laboratory at Hahnemann Medical College and 
Hospital, Philadelphia, Pa. 
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and Hospital, and Director, Bailey Thoracic Clinic, Philadelphia. Pa. 

. *‘Resident, Department of Thoracic Surgery. Hahnemann Medical College and Hoi. 
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Square Hospital, to serve as Clinical Professor of Surgery on both the Columbia 
and the New York University Medical Faculties and as Consultant Surgeon to 
three other New York City hospitals. 

He was particularly interested in the training of physicians, young and 
old. For six years he was chairman of the Committee on Medical Education of 
the New York Academy of Medicine. He was credited with outstanding service 
in this field. 

To the young men who passed through Lenox Hill Hospital as intern or 
resident, he endeared himself. Herbert C. Maier has spoken well for this group: 

Those young surgeons who had the good foitune to receive training under 
the guidance of Doctor Carl Eggers well realize that he exemplified the true 
physician. By his daily acts in the intimate personal care of his patients he 
demonstrated to his associates and house staff that in careful and sympathetic 
attention to the surgical, medical and personal problems of the patient lay the 
path to the highest type of medical care. Though a busy surgeon, he did not 
delegate wearisome details to others but obviously regarded them as his responsi¬ 
bility so that the patient could place full trust in him. Little wonder that such 
confidence was engendered in his patients. 

Doctor Eggers also exemplified that an attending on the staff of a hospital 
not closely affiliated with a medical school may nevertheless be at the forefront 
of surgical teaching and contribute to scientific advances. Doctor Eggers had a 
profound interest in the personalized training of young surgeons and lie had the 
foresight to recognize the pitfalls of early narrow specialization. lie therefore 
urged that a broad training in general surgery be obtained irrespective of the 
degree of specialization later to be practiced. 


Honors came to Carl Eggers in abundance. A few days after his seventy- 
fifth birthday (1954), lie was guest of honor at a surprise dinner given in his 
honor by the executive, administrative, and professional staffs of the Lenox 
Hill Hospital in the "Waldorf-Astoria Ball Room. He was the recipient of a 
gold medal commemorating the occasion and of an album of pictures taken of 
those in attendance. Later, in 1954, he paid a visit to his birthplace, Oldenburg, 
Germany, and was made an honorary citizen of the town. Carl Eggois had to 
sign the roll book of honorary citizens and enter some short remark. Mrs. 
Eggers reported that he thought a moment, then smiled, and in fine German 
script wrote briefly and simply bis life’s philosophy: It is so easy to do good 
in the ivorld and it makes one so happy■ 

—Ethan Flagg Butler, M.D. 
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Ilarken’s 10 original “valvuloplasty” procedure. On June 16, 1948, lie success¬ 
fully enlarged a stenotic mitral valve orifice by instrumental resection of por¬ 
tions of the mural valve leaflet at flic price of what he called “selective in¬ 
sufficiency. ’ ’ 

Technical Features or Mitral Commissurotomy as Performed From the 
Left Side. —From that point, up to the present time, there have been relatively 
few major changes in the over-all method of commissural separation. The right 
index finger is passed into the left atrium through an incision made in the tip of 
the left auricular appendage. Resistant valves are separated at the commissures 
by instrumental means, while the more amenable are split by manipulations of 
the intracardiac finger alone. 'Whenever the subvalvular structures are cross- 
fused below the valve orifice, as described by Brock, 11 they must be split apart 
or divided instrumental!}- as described by Nichols 12 One major advance has 
been the introduction of the “bare finger” technique by Husfeldt. 13 This in¬ 
creases the operator’s tactile perception and lienee accuracy of manipulation by 
several hundred per cent. 

In the majority of the patients who have been operated on up to the present 
time, only the anterolateral commissure has been separated. The effective rea¬ 
son for this is as follows: The posteromedial commissure seemingly is appre¬ 
ciably more resistive to blunt disruptive pressure as it is applied from the left 
side, and instrumental attempts at division of this portion of the valve substance 
(from the left) often arc attended by tire creation of considerable valvular in¬ 
competence. 

In approximately 20 per cent of the first 1,200 patients operated on at our 
Clinic, there was recognized, in addition to the obliteration of the commissures, 
a significant degree of subvalvular obstruction to blood flow due to a complex 
interfusion or cross-fusion of the cliordopapillary supporting tissues This 
actual hindrance to blood flow must be distinguished from clinically insignificant 
instances of thickening and fusion of contiguous chordae which may be demon¬ 
strated to exist in the vast majority of patients with clinical mitral stenosis In 
most instances, any secondary obstruction has been overcome readily by direct 
digital pressure. In some patients, in whom the papillary muscles are directly 
adherent to the valve apex, instrumental splitting of these muscles, as described 
by Nichols, 12 may be necessary in order to establish an adequate subvalvular 
passageway. This was carried out in six instances in the present series. Such 
mechanical separation, whenever necessary, of subvalvular “adhesions” of the 
cliordopapillary system to permit free separation of the leaflets logically is in¬ 
cluded within the term “commissurotomy” in the same sense that separation of 
pleural adhesions and mediastinal dissection, when necessary, arc included with¬ 
in the term “pneumonectomy.” 

Good clinical results have been reported upon sizable series of operative 
patients by numerous authors. 11 - 14-I “ However, the periods of follow-up have 
been relatively short in the over-all course of rheumatic valvular disease and the 
reported “long-term” benefits have been limited approximately to 65 to 75 per 
cent of those so treated (Table I). 
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Cutler s 5 pioneering intervention, in 1923, using a valvulotome and the 
transventricular route in which he converted a stenotic mitral valve aperture 
into a laiger, although less competent one, set the pattern of surgical attempts 
for the next twenty-odd years, culminating in the brilliant efforts of Smithy 0 
who performed Cutler’s procedure on 7 patients with five survivals. However, 
the considerable amount of regurgitation necessarily produced by these at¬ 
tempts militated against true clinical success and often precluded operative 
survival. 

Souttar, 7 in 1925, on the other hand, successfully “dilated” a stenosed 
mitral valve by manipulations of the index finger which had been inserted into 
the left atrial chamber through an incision made in the tip of the left auricular 
appendage. 



Fig-. 1.—Preoperative, six months postoperative, and 6% years postoperative (left to 
right), follow-up roentgenograms in C. W„ the first patient historically to undergo a modern 
type of operation for mitral stenosis. (Courtesy Pennsylvania M J. 53: 6, 1950.) 


In 1948, after preliminary unsuccessful clinical attempts dating back to 
1945, the senior author presented the concept of separating the fused valve 
leaflets anatomically along the lines of the obliterated commissures, thus over¬ 
coming the valvular obstruction without the inherent necessity of producing 
any regurgitation. This concept is the basis of the modern corrective opera¬ 
tion for mitral stenosis, and has been designated as “commissurotomy.” 8 The 
first successful intervention of this type in a patient with classical mitral stenosis 
was accomplished on June 10, 1948. A hooked knife attached to the finger 
was used to divide the valve. The mobilized leaflets, thereby, were rendered 
capable of function of a normal type; no regurgitation was created. The 
auscultatory evidences of disease have been nearly abolished, and the heart 
size has become reduced progressively since operation (Fig. 1). This young 
woman continues to remain in excellent health to the present time more than 
eight years after operation. 

Independently of the American investigations, in September, 1948, Brock 9 
successfully carried out an operative procedure which was based upon a 
similar concept of mobilizing the fused leaflets, but which was accomplished 
by splitting with finger pressure alone. A logical intermediate step, although 
chronologically performed later, between those procedures in which legurgita- 
tion necessarily was produced and the modern type of operation, was 
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Iablf I Results ix FirsT 1,000 Patients Orfratfd Uiox For MiTr\L Stenosis— Lfit 
Sided Approach (Lonffst Follow Dr—8 1 eai sj—A utiiop’s Series 


MJMI5EP OF 

C\SLS | 

IEKCL\T\GE 

Mitral commi^urotonn 

1,000 

100 

Opt r it i vo deaths (excluding 2 cn t :i.‘* of suicide) 

77 

7 7 

I ate deaths (2 of these deaths were due to carcinoma) 

30 

58 

Tollow up of sunnors 



Improved 

711 

89 8 

Unchanged 

49 

02 

M or<5G 

32 

40 


Enable to follow up “'1 cases 


Axalxsis of Unsatisfactory Results— Leanng out o£ cousideiation foi 
the moment those patients who do not sun no opciition (2 to 10 per cent), no 
find an appieciahle numbei (10 to 15 pci cent) who aie not helped initially 
bj the pioceduie, oi aie eten made worse bj it This gioup includes patients 
m whom the stenosis has been lelieied but slightly oi not at all, and also those 
in whom a significant amount of leguigitntion has been pioduccd It does 
not include those patients who suffei postopciatn ely fiom lecogiuzed oi un 
lecognized pleural or peneaidial effusion which ultimately lesoibs with clinical 
impiovement A presently indeterminate number of patients exhibit definite 
and often maihed lmpioiement foi a iambic numbei of months oi years but 
giadually redeielop symptoms and signs sinulai to those which biought them 
to the cardiac suigeon initially In sucli individuals, left heart cathotenzation 
neaily always loxeals definite exidence of i e establishment of an obstruction 
to blood flow at the level of the initial xalie—delation of diastolic gradient 
between left atzium and lentuele (Fig 2) 

A fi equently unsuspected but lelatncly common cause of an unsatisfac 
tory clinical result is uniecogmzed oi incompletely appieciated coexistent 
disease of another xalie—eitliei the aoitic or tncuspid That such rheumatic 
multi xahulai mxolxement is not uncommon is clearly shown in Table II It 
will be noted m this table that m the clinical studies tncuspid disease was 
recognized laiely, if at all, while its incidence m the autopsy studies langed 
ft oin 10 to 25 pei cent 

Secui i cut Mitral Stenosis —Brock, 17 Jordan and Hellems, 18 Key es and 
Lam, 19 and otheis haie reported cases in which they have attnbuted cbnical le- 
giession to lestenosis of the valxe In some, the diagnosis has been confiimed 
bj leopeiation and dnect palpation of the xalie In others, the opinion has 
been based upon subsequent autopsy findings It is our belief that, inth the in 
creasing number of mitral mterientions and the passage of time, such repoits 
will become moie fiequent m the neai futuie 

Haiken and Black," 0 and Gloiei and his associates" 1 haie objected stionglj to 
the concept of i eminence of mitral stenosis, believing restenosis of the surgicalh 
well opened xalie to he extremely impiobable They feel that such instances of 
ic establishment of obstmetion at the initial lei el are due basically eitliei to in 
complete opening of the fused commissuies at the original operation or to failuie 
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reopcrated on 2 patients in whom complete bipolar commissurotomy had been 
accomplished previously and in whom extensive refusion of the commissures 
had taken place. These are being reported in detail elsewhere. Probably there 
have been many unrecognized eases of this condition among the great number 
of patients who have been subjected to mitral valve surgery throughout the 
various clinics in the world, since the possibility of its occurrence has not been 
widely appreciated. Doubtless some of these individuals, oven now, erroneously 
are presumed to be suffering from irreversible myocardial or pulmonary 
vascular disease. 

The extreme pathologic changes which have taken place in many of the 
valves of our operative patients must tend to reproduce or to perpetuate the 
tendency of the process to produce complete obliteration of the orifice. Slowly 
moving, stiffened valves, even though divided well beyond the scarred margin 
of the passageway, may remain “hinged” upon partially fibrosed tissue. 
Further, it would seem that the surgically produced irregularities of the cut 
valve surfaces, as well as those produced by the existing pathologic alterations, 
must continue to produce the flow turbulence to which Magarcy” attributes 
the recurrent surface deposition of fibrinous exudate which appears to be 
the basic element in the pathogenesis of mitral stenosis. In all probability, 
once the valve pathology has become advanced sufficiently, the stenosing 
process, even though set back mechanically by one or more .successful surgical 
interventions, inevitably must continue to progress as long as life exists. In 
this respect, a very severe stenotic deformation of the mitral valve apparently 
behaves like the fibrous stricture which it really is. 

On the other hand, a mitral obstruction, which may be just as tight 
mechanically as the preceding type, may be found unassociated with extreme 
pathologic change in the leaflets. Extensive but light cross-adherence of the 
leaflets’ margins has greatly reduced the size of the valve aperture. It would 
appear improbable that these flexible and mobile cusps would become re-fused 
extensively following adequate surgical separation unless the patient were to 
suffer from another bout of rheumatic fever. 

While in valves with the extremes of pathology, recurrence of mitral 
stenosis would seem to be inevitable, regardless of the surgical technique em¬ 
ployed, and while in others with minimally diseased leaflets, re-fusion follow¬ 
ing separation would seem to be extremely unlikely, there is a large inter¬ 
mediate group of patients. In them, it is probable that the adequacy of 
surgical valve mobilization largely determines the likelihood and rate of re¬ 
establishment of the obstruction at the mitral level. 

Certainly it would seem logical that, following a previous commissural 
separation, the unquestionably rheumatic patient would be likely to redevelop 
a stenotic valvular lesion in the event that he should suffer another bout of 
rheumatic “activity.” And in any case, whether due to specific exacerbation 
or to residual mechanical irregularities of the valve surfaces, it seems reason¬ 
able to assume that this admitted tendency toward restenosis must be greater 
with respect to the valve leaflets than to the subvalvular supporting strmui.. 
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Table II. Incidence of Valvular Heart Disease* 



NEW ENGLAND 

VIENNA 

| BERLIN 

JOHNS 

HOPKINS, 

BALTIMORE 

CABOT 

I WHITE 

KAUFMANN 

SPERLING 

HIRSOHFELDUR 

20S CASES 
i 1‘OST-MORTEM 

1 (%) 

I 1,097 CASES 
CLINICAL 

1 (%) 

120 CASES 
1‘OST-MORTEM 
(%) 

300 CASES 
POST-MORTEM 
(%) 

1,781 CASES 
CLINICAL 
(%) 

M-wrai. 85.0 50.3 GO 85-51- 

Aortic 44.7 14,7 7G 43 0l) 

Tricuspid 15.9 25 10 

Pulmonary 1.9 1 

Aortic and mitral 19.2 28.9 20 

Aortic, mitral, and 
tricuspid 11 

Mitral and 

tricuspid 2.9 

Pulmonary and 
tricuspid 1 

All four valves 1 


Company 0 " 1 PaUl ' D ' Wllltc ' M '- D " Heart Disease, ed. 4, New York, The Macmillan Publishing 


of the operator to relieve a subvalvular obstruction. We agree that such incom¬ 
plete surgery predisposes to early secondary narrowing of the valve passageway 
and must be a major factor in the re-establishment of mitral obstruction. How¬ 
ever, this very re-establisliment of the stenosis after initial partial relief must, by 
definition, be admitted to constitute recurrence of the obstruction. 

Indeed, we feel the precept, which one of us (C. P. B.) formerly ad¬ 
vanced , 8 that wide opening of but a single commissure constitutes an adequate 
surgical mobilization of the valve in most cases, has done much harm. Similarly, 
Ilarken’s 10 strongly promulgated dictum (which he has since abandoned 22 ) that 
an adequate splitting of the valve may be accomplished nearly always by digital 
pressure alone (instrumentation, therefore, rarely being necessary), has been 
equally unfortunate. It is now clearly evident to both proponents of these 
erroneous concepts that the widest feasible mobilization of both obliterated com¬ 
missures is indicated and that an instrumental attack is necessary to accomplish 
this in at least one-half of all operative patients. Undoubtedly, these early mis¬ 
conceptions have vitiated, in certain respects, the value of the statistical follow¬ 
up upon both these sizable operative series. Furthermore, these precepts, having 
been accepted by many other surgeons as sound, have redounded to the dis¬ 
advantage of their patients as well as themselves. No doubt many patients 
so treated will become candidates ultimately for more adequate reopci ation. 

Recurrent Stenosis After Complete Mobilization of the Valve .—There re¬ 
mains a group of patients with indubitable recurrent stenosis of the adequately 
opened and mobilized valve. The occurrence of this condition can be established 
only if a surgeon of considerable experience in this field carefully.rcports the 
initial operative result and then, months or years later, personally rcoperates on 
this patient or observes the valve at autopsy. 

We are able to report fourteen instances of proved recurrent stenosis m 
patients who had had unicommissural mobilization of the valve. We also have 



\<,|„™33 MITRAL COMMISSUROTOMY FROM HIGH I SIDE 435 

N mbcr 4 

“digital vision ” Often, full \ alvulai mobilization is cxticmclv difficult to aceom 
plisli Fuitliei, the opeiation mlieicntly is associated with dangeis of causation 
of cardiac anest, aiterial embolization, and initial icgiiigitation To poinnt 
eien a naturallj skillful and gencially well tiaincd suigeoii who happens to bo 
unfamiliar uith this technique to attempt such an opeiation, which must bo pei 
formed by the guidance of the sense of touch alone, is a leflection upon oui 
medical intelligence and liitegntv If it takes the accepted minimum of 50 
tiansurcthral i(.sections, piopeilj petfoimed undei supci vision, to pieparc a 
novitiate for the piacticc of that phase of the specialty of uiologj, 0 it would 
seem that at least ail equal nunibci of episodes of training must constitute the 
minimum piepaiation acceptable for the practice of the surgical tieatment 
of initial stenosis 

Dissatisfaction With JIitrvl Commissurotomi Ornii mtons as Usuvlix 
Practiced —While the opeiation of initial commissmotomj pcifoimed fiom the 
left side has been becoming giadually moie acceptable to the piofession and e\ en 
has achieved high favoi m some cncles, the shortcomings of the standaid tech 
mque have become lneicasmglj obvious to jour authois Foi a long time, no 
satisfactoij' solution to these pioblcms has seemed to be within leach Diffi 
culties expenenced in simultaneouslj ticating coexisting iheumatic lesions of 
the aortic and tricuspid valves and the mcdncible incidence of aitenal cm 
bohzation occurring during initial suigcrj have increased this dissatisfaction, 
although out majoi complaint has been i elated to the unsatisfaetoiy technical 
accomplishments 

THE RIGHT SIDED APPRO \CII 

Ill a lcttei to Sn Iloiaee Mann, dated Jan 28, 1754, Iloiacc Walpole" 7 
said that lie lmcntcd the tcim “feeiendipidj ” on the title of a fany tale 
“The Thiee Pimces of Scicndip,” because the puncos wcic “alwajs making 
discovenes bj accident and the sagacitj of things the} woie not in quest of ” 
In the same sense the discos eij of the ads outages of pcifoinung mitial com 
lmssurotomy fiom the light side suitlv must be nccicdited to Seicndipidj 
since it was incidental to attempts to peifonn simultaneous suigeij foi light 
sided noncardiac lesions 

In 3954, the first descnption ot an appioach to the initial aal\c fiom the 
light side, with a lepoit upon 3 clinical patients was piesented bj Neptune and 
Bailey” 8 At that tune it was felt that the indications foi such an appioach m 
mitral stenosis weie lelativelj few, consisting mainlj of the coexistence of 
light sided extiacauliae lesions amenable to suigeij oi of definitely diagnosed 
multiv alv ulai stenosis (aortic or tucuspid) which would lequiic a light 
thotacie inters ention Since the submission of that lepoit, furthei advances 
in the development of the technique and a bcttei undeistanding of the litiUtj 
of this appioach have caused ns graduallj to adopt it as oui loutine method 
foi the peiformaneo of mitral eommissuiotomj in the absence of appiopnate 
contiaindications Some of the advantages and disadvantages of the light 
sided opeiation aie listed in Table III 
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This order of likelihood would seem to be implicit in the designation of such 
subvalvular changes as “secondary stenosis,” the actual leaflet lesions causing 
“pi-imary stenosis.” 

Whatever the actual incidence of recurrent stenosis following adequate 
commissurotomy may prove to be eventually, it is probable that most instances of 
1 e-establishment of obstruction at the mitral valve up to the present time have 
been favored by incomplete surgery, commissural separation having been ex¬ 
tended insufficiently or an element of coexisting subvalvular stenosis having 
been overlooked or ignored. All experienced cardiac surgeons, in retrospect, 
can recall instances in which they have failed in these respects. 

Inadequate Surgical Experience.— Tragically, as yet, there appears to be 
little organized effort on the part of tlie profession to prevent further errors 
of this type from being made by beginning cardiac surgeons in the future. A 
young and enthusiastic surgeon with grossly inadequate training in the field 
of cardiac surgery may not hesitate to insert an index finger into the left 
atrium with the intention of performing mitral commissurotomy, even though, 
as an extreme example, he may never have performed any major cardio¬ 
vascular operation previously. Repeatedly, the senior author (C. P. B.) has 
been astonished to meet surgeons who never have obliterated a patent ductus 
arteriosus or resected a coarctation of the aorta, bnt who claim to have done 
a number of “mitrals.” It is extremely unlikely that they have completely 
split the valves in 50 per cent of the eases which may be reasonably amenable 
to digital separation of the commissures. Certainly they have not effectively 
treated the 50 per cent winch require instrumentation because they have used 
no instrument. More likely, each has swept a finger around the atrial chamber 
■1 in a state of complete disorientation and then has removed the digit trium- 
phantly from the heart without even palpating the valve orifice. Since the 
finger and valve cannot be seen, who is to know what really has transpired 
within the heart? Usually, with modem anesthesiologic and cardiologic con¬ 
trol, the patient will survive and the case will be listed, again triumphantly, 
as a successful mitral commissurotomy operation. With the intense psycho¬ 
logic impression which such an operation creates, and with the interested and 
more concentrated medical attention which then is accorded him, the patient 
may feel much improved during the next few months. Ultimately, as real im¬ 
provement fails to materialize and the disease progresses sufficiently, he will 
deteriorate perhaps to be listed as a case of “recurrent stenosis.” This tragic 
situation is reminiscent of that which persisted for some time after the intro¬ 
duction of the endoscopic transurethral method of prostatic resection. 

Technical Difficulty of the Operation. —Such amateurish surgical at¬ 
tempts already have brought about a considerable amount of discredit to the 
operation of commissurotomy. 24 - 25 Yet, experience aud ordinary common sense 
indicate that this operation is a highly technical one, frequently requiting sn 
ful use of special instruments under the sometimes unfamiliai guidance o 
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Table III, A. Advantages of a iie Right Sided Affkoacii 


1. A superior mitral commissurotomy may be accomplished u lth full and safe mobihza 
tion of both commissures 

2. Unsuspected and marked coexistent tricuspid disease may be diagnosed readily 
and treated appropriately 

3. Coexistent aortic stenosis may be relieved by the preferred transaortic technique 
through the same operative incision 

4 Operative arterial embolization due to manipulative dislodgment of thrombotic 
material from the atrial appendage may be avoided 

5 The supine position is physiologically easier on the patient 

6 A coexistent unsuspected interatrial septal defect may be dugnosud digitally and 
treated at the same operative session 

7 Concomitant right sided noncardiac disease may be treated simultaneously 

8. Conditions involving the left thorax may render left thoracic cardiotomy more 
difficult or dangerous, this refers particularly to previous left sided mitral inter 
vcntion, also thrombotic obliteration of the appendage, and the rare condition of 
calcification of the left atrial wall 

9 The incision is shorter and lc^s traumatic, and causes le^s postoperative pain and 
shoulder dysfunction 

10 The skm incision averages 27 cm. in length compared to 47 cm with the left 
posterolateral incision, and is hidden largely within the niframammary fold in 
the female patient (cosmetic advantage)_ 


Table III, B Disadvantages of tui Riciht Sidld Apilovch 

1. The pertinent anatomic orientation is entirely different from that of the left ‘uded 
approach, and must be learned before the commissures can be mobilized accurately 
and fully 

2. Tor the surgeon inexperienced in this approach, hemostasia is technically more 
difficult to achieve because there is no appendage upon the right side of the left 
atrium 

3. Pressure on the right side of the heart may' produce severe although transient hypo 
tension 

4 It is more difficult to extract a loose thrombus from the left atnum from the 
right side 

5 The left auricular appendage cannot be amput ited in an elTort to prevent loeurrent 
arterial embolization; however, this amputation is believed now to be unnecessary 
with the relief of stasis afforded by' satisfactory' enlargement of the valve 

6 Cardiac massage, if necessary, cannot be cairicd out effectively from the right 
side in most instances 

7 Should an unexpectedly large amount of initial insufficiency be encountered, the 

appropriate corrective measures cannot bo applied from the right side (see 
Pig 6, A, B, C) __ 

An objection has been raised to the performance of mitral commissurotomy 
through a light-sided incision on the basis that it is “an opeiation for a left¬ 
sided lesion performed from the right.” Yet, this same critic 20 very recently 
has recommended the performance of tricuspid commissurotomy (truly a 
right-sided lesion) through a loft tlioiacic approach" 

In reality, as shown in Pig. 3, tire left atrium extends anatomically just 
as far toward the right side as toward the left It mote properly might be 
designated at the posterior atrium. Actually, the initial valve orifice does lie 
slrghtly to the left of the midline, much as the entire heart is drrected some¬ 
what to the left (Pig 4). However, this minor anatomic deflection is of 
slight importance in comparison with the marry technical and pathologic 
features which favor the light-sided route for mitral commissurotomy. 

This report is based upon our experience with 200 patients who were 
opeiated on by the right-sided appioach for significant mitral stenosis, with 
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The abo\e statistics aie compand Mith 0111 experience m the fust, 1200 
patients with initial stenosis upon uhom \\c opeiated fiom the left side 
(Table V) In them, bicominissutal sepaiation Mas accomplished m 331 pci 
emit The anteiolatcial commissiue alone vas sepuated in 65 per cent The 
posteiomcdial alone uas dmded in 19 ]iei cent It is om consideied opinion 
that the aietage size of the opening achieied uhen the opeiation is perfonned 
flom the light side langes fiom 33 poi cent to 300 pel cent laigei than 
that uInch may be expected with the left sided appioach (Table VI) This 
additional enlaigement of the orifice is not attended bj a in mciease in the 
incidence of significant initial icguigitation ulucli might be eieated oi magiii 
find bj the sm gerj 


Tapir V Ai mufr oi CoMMissurrs Oiisre >pr>u tiif Rifiit Siiifii Aiirottn Coin \plp 
With the Left Siam Arrroicn 


1 

IFFT SIDFD AI Pro veil 
1 (1,200 C\SES) 

1 (7c) 

1 PIPHT SIDED APPI OU.H 

! (10G CVRFS*) 

1 (**> 

Both commissures opened 


«i 


97 3 


One commissure onl} 






Anterior 

65 0 


1 6 


Posterior 


1 O 


1 1 


Total 

100 




•Four operative «lata : 

not complete 





Tabif AT A \i\f Sizf Attained in Mitkai 

Commisslpotom\ Fpom thf Rk ht She \s 

COMPAPED AAlTU THE RESUJTS FrOM TIIF LEFT 





prniT side | 

| LEFT SIDF 



nlmder of 


NUMBEP OF 


FINAL VALVF SIZE 


CVSES 

IFF CFNT 

CVSFS 

PEP CENT 

Less than 1*4 finger opening (up to 2 4 cm ") 

0* 

1 o 

23 

- 

finger opening (2 3 cm") 


5G 

28 0 

540 

46 

2 finger opening (4 cm") 


1U 

6G5 

519 

43 

Over 2 finger opening (4 cm plus 

0 

b 

3 0 

30 

2 

Unknown 


0 

0 

79 

< 

Total 


200 

100 

1200 

100 


•Three of these were table deaths with the nlie surgen not completed 


Sithialvulai stenosis We base obseued no icduetion in the facility with 
m Inch subs ah nlai choidopapillary fusion masses mas be dmded If un 
sepai ated, they may piexent otheiwisc adequately mobilized salie leaflets 
fiom sepaiatmg dunng diastole If they aie sufficiently extensive, they may 
piovide a secondary site of atnos entnculai obstnietion helou the lei el of 
the actual \ahc onfice In 29 of the 200 patients with initial stenosis 
operated upon fiom the light side, thickening and cross fusion of the eliordo 
papillary supports nas recognized and telieved, in 6 by defimtiie instruments 
tion Although m most instances such secondary obstnietion can be oi et conic 
readily by direct digital pressuie, there are some patients m vhom the 
papillaiy muscles may be directly adhcient to the lahc apex and lnstiumental 
splitting of these muscles, as desenbed by Nichols, 12 may be necessary m oidei 
to establish an adequate subvalvulai passageway 
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m 0 W1 + tll i° Xlt Coexisfcent aortic or tricuspid disease. The first patient was 
opei ated upon on Nov. 1,1954, and the last on Oet. 8,1955. 

Advantages of the Right-Sided Approach._ 


An Improved Commissurotomy.-^ hile originally the performance of 
commissurotomy from the right side was described 28 as technically more diffi- 
eu than that through the usual left auricular appendage approach, and 
win e, at first, our various staff surgeons'■ felt insecure and less than normally 
competent while attempting to separate the fused valve commissures from 
this new and “unusual” approach, sulisequent experience has brought about 
improved orientation and greatly has increased our technical skill in the 
various manipulations entailed in the performance of commissurotomy from 
the right side. Today, we are of the unanimous opinion that a markedly 
superior mobilization of valvular structures may be achieved from the right 
than usually is feasible from the left. The term “mobilization” is used ad¬ 
visedly. By it we mean, not only, the anatomic separation or splitting apart 
of the fused leaflets, but also, the restoration of leaflet function by separating 
any cross-fused subvalvular supports. 


In contrast to the general experience that it is difficult to open the 
posteromedial commissure from the left side, when the mitral valve is 
approached from the right, this commissure lies conveniently in line with and 
just below the site of cardiac entrance and may be opened accurately and 
safely by digital or instrumental technique in nearly every instance. This 
valve extremity has been opened in all but 3 of our first 200 patients operated 
on from tlie right side. Such separation of the posteromedial commissure 
rarely is attended by the creation of significant regurgitation. It is some¬ 
what more difficult to separate the anterolateral valve commissure by digital 
pressure alone from the right side, partly because of the difficulty in applying 
external counterpressure. However, instrumental division is found to be no 
more difficult than when using the left lateral approach and either instru¬ 
mental or digital opening of the fused anterolateral commissure was also 
accomplished in all but 2 of the 200 cases. Table IV shows the reason why 
the other commissure was not opened in the 5 cases in this series in which only 
one was attacked. The directions of approach to the valve orifice from the 
respective two sides are contrasted in Pig. 4. 


Table IV. The Reason for not Opening a Commissure in the 5 Cases With Only 

One Commissure Opened 

H. M.—loosely attached calcium in posteromedial commissure—feared brain embolus. 
Anterolateral opened 

E. B.—eccentric orifice extending anteriorly to the valve ring; posteromedial com¬ 
missure opened completely 

C. H.—chordae tendineae adherent only to one border of posteromedial commissure; 
feared insufficiency. Anterolateral opened 

L.A.—posteromedial commissure heavily caleified; no fusion of leaflets anteriorly; 
posteromedial commissure opened 

II. M.—heavily calcified and regurgitant posteromedial commissure; feared production 
of increased regurgitation if separated. Anterolateral opened__ 


‘Charles P. Bailey. Houck B. Bolton, Henry T. Nichols. 
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It must be realized that while minor pathologic changes may be found in 
the chordae of most patients with mitral stenosis, and while various degrees 
of agglutination or clumping of adjacent chordae supporting the same leaflet 
arc seen fi equently, cross-fusion of the chordae to the opposite leaflets in such 
a form as to cause a true subvalvular stenosis is relatively less common (Figs. 
5 ,A,B,C.). 

Mitral insufficiency: Should an clement of mitral incompetence (perhaps 
previously entirely unsuspected) be found to exist, it should be evaluated as 
to amount and to site of localization with respect to the leaflet structure and 
the extremities of the line of valve closure. This information along with an 
appraisal of the condition of the leaflets (calcification, retraction, etc.) and 
the supporting chordopapillary system will furnish the basis for a decision as 
to whether a later operation 30 through a left-sided incision may be indicated 
(Fig. G, A, B, C). 



A. B. C 


Fig. 6 —Nichols’ method of polar cross-fusion of the annulus flbrosus for the correction 
of mitral insufficiency. (Courtesy New York J. Med, March 15, 195G ) 

A, Typical posteriorly incompetent mitral \al\e with retraction of free margin of the 
posterior portion of mural leaflet A similarly localized area of incompetence may be noted in 
cases of extreme annular dilatation. 

B, Plicating sutures placed about or through apposed portions of the annulus flbrosus 
across the incompetent pole of the vahe, but preferably not actually o\cr the val\e aperture 

C, Tying down these sutures brings the selected portions of the annulus flbrosus Into 

Intimate early and, by healing, permanent contact. This reduces the o\er-nll size of the 
area bounded by the annular ring, and by bringing the attached basal portions of the re¬ 
tracted leaflets closer together permits their free margins to come into full approximation 
during \entricular systole. . 


MULTI VALVULAR INVOLVEMENT 

The predominant tendency toward localization of the chronic rheumatic 
valvular lesions, as indicated in Table II, evidently is upon the mitral valve, 
but aortic involvement is a reasonable second, and tricuspid affection is far 
from infrequent. Apparently, the tricuspid valve never is found to be 
stenotic in the absence of a similar lesion of the mitral valve. However, iso¬ 
lated disease of either the aortic or mitral valve is seen not uncommonly. 

Although the pulmonary valve, early in the course of rheumatic disease, 
exhibits classical rheumatic mieroseopic lesions involving the annulus flbrosus, 
it almost never develops the late features of leaflet thickening and commissural 
obliteration which are so characteristic of the rheumatic process. 




G. 

Fig. 5— A, Marked thickening and partial fusion of adjacent chordae which does not 
cause significant subvalvular obstruction and which may be seen m many stenotic rheumatic 
mitral valves 

B, Extensive subvalvular chordal change and cross-fusion which does substantially 
reinforce the obstruction produced by the primary cross-adherence of the leaflets (Courtesy 
Bailey Surgery of the Heart, Lea & Febiger, p 509.) 

O, Extreme subvalvular change with direct union of agglomerate chordopapillary pillar- 
masses vv ith the apex of the valve funnel which has become elongated by the organization 
", “hr,nous exudate deposited upon the fiee margins of the thickened leaflets Here the 
u!ar Pathology is extreme and will require definitive separation, perhaps by mstru- 
menrai means, m order to relieve the circulatorv obstruction fCourtesv Surg. Clin North 



Volume 33 
Number 4 


MITRAIj COMMISSUROTOMY FROM RIGHT SIDE 


443 


Except in tiie case of those relatively few patients with combined aortic 
and mitral stenosis who present an equivocal or no pressure gradient across 
the aortic valve, we believe that the surgeon who undertakes to operate for 
dynamically significant aortic stenosis logically should attack this valve before 
the mitral, using an appropriate thoiaeie incision (now nearly always the 
right third anterior interspace). Having completed the aortic surgery up to 


A 


CLOSED CHEST - PKEOeEaATlVE 
LEFT VENTRICLE 


CLOSED CHEST - PREOPERATIVE 
AORTA 



Fig 7.—"Phj siologiCAl damping" of the pressure curxes obtained by direct needle 
puncture respecti\ely within the aorta and the left \entnclc during the course of surge!3 
(Courtesy H Goldberg, Brith Sholom Cardiopulmonary Laboratory. Philadelphia. Pa ) 

A, Pressure cur\cs obtained preoperatively by left heart catheterization in Patient W. R 
with se\ere aortic stenosis Note the large sj’stohc gradient across the aortic vahe 

B. Similar tracings obtained in the same patient by direct puncture of the aoita and 
left \entricle at the time of operation prior to the deflnitixe aortic commissurotomy. Note 
the damping of the cur\es and the reduction In the giadient 


and including the suture repair of the aortic wall, he then will explore the 
mitral valve digitally if there is any physiologic (catheterization), ausculta¬ 
tory, or other evidence (such as atrial fibrillation) which is suggestive of 
mitral valve disease. 

Tricuspid Stenosis.— In contrast to the situation which pertains with com¬ 
bined aortic and mitral stenosis in which at least the proper diagnosis nearly 
always may be made from the characteristic physical and physiologic findings, 
it should he emphasized that serious degrees of tricuspid stenosis or regurgita-. 
tion frequently may remain unsuspected even after extensive clinical 
physiologic investigation; the effects of these lesions,being largely ohs^. 
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It must be recognized, of course, that considerable pathologic alteration of 
a valve must take place before a clinical effect is recognizable. Minor degrees 
of leaflet thickening and beginning commissural fusion may produce ausculta¬ 
tory changes long before significant effects are imparted to the circulation. 
For severe disturbances of physiology to develop more profound pathologic 
changes necessarily must take place. 

Aortic Stenosis. The logical approach to correction of a stenotic lesion 
of the aortic valve has been shown to be 31 ' 34 by way of a pouch sutured to the 
ascending aorta, using a thoracic incision made through the right third or 
fourth interspace, anteriorly. It must be appreciated that the newer methods 
of evaluation of aortic stenosis (left heart catheterization; preferably com¬ 
bined simultaneous catheterization of the right side of the heart to determine 
the cardiac output by the Fiek principle and of the left side of the heart to 
determine the pressure gradient across the valve) permit a rather exact pre¬ 
operative determination of the amount and degree of physiologic obstruction 
of this valve which may be present. Hence, it should rarely be considered 
necessary to explore the aortic valve digitally for the purpose of making an 
exact diagnosis. The preoperatively determined systolic gradient which 
exists across this valve gives one the essential criterion upon which to base a 
decision for or against definitive intervention. It is felt that a systolic 
gradient of 40 mm. Hg across the aortic valve (or more), in isolated aortic 
stenosis, is necessary to justify aortic exploration. 


Aggravation of the Effects of Aortic Stenosis Following Mitral Commissur- 
otonuj .—It is realized that in certain cases of combined mitral and aortic 
stenosis, the obstruction at the level of the mitral valve may be so severe 
that the relatively small amount of blood which passes through it readily can 
traverse even a fairly small aortic valve orifice without creating a significant 
pressure gradient across this valve. In such an individual, surgical relief 
of the mitral obstruction may produce such an increase in the blood flow 
through the aortic valve that a much larger pressure gradient (systolic) may 
develop across it, postoperatively. Direct measurement of this aortic gradient 
at operation before and after the mitral valve has been opened has not proved 
to be completely satisfactory, although it is employed in all doubtful cases. 
Apparently, this is due to a reduction in the cardiac output due to anesthesia, 
thoracotomy, opening of the pericardium, and operative blood loss (Fig. 7, A, 
B). This may be considered a “physiologic damping” of the pressure curves. 
However, failure to relieve a severe coexisting aortic stenosis at the same time 
that a mitral obstruction is corrected constitutes a major disservice to the 
patient since isolated aortic stenosis runs a more rapid devolutionary course 
than does combined mitral and aortic stenosis of equal severity. In our early 
experience, we have had several patients in whom a mild thrill over the 
aorta, at the time of surgery, was adjudged insufficiently pronounced to in¬ 
dicate aortic surgery. A few of these patients not only failed to improve 
following mitral commissurotomy, but went on later to die of their aortic 
disease. 
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mail} of tlic imlnirinal patients would ha\t conti llmted to an unsitistactoiy 
oi to «m lncompUtih satistictoi} clinical lcsult Tliosr considciations ha^e 
impicsstd us with tin necessity foi i out mo digital cxplontion of the til 
cuspid \al\t in ocu patunt who is opu itod ioi initial stenosis, pioucled 
thoic is no (ontiaindicdtion 

r vbif Vir, R Dicril oi Tpilushi> iNsbrnai- no\ OccurriNO in - 17o Cvses op TRiccsun 
FviIOl VTION AMOS! 200 CONSF(UTl\r Mtti VI Commissurotomifs FroM TIIF Richt Sidf 

MTMBFR OF CASES 


Not A^oei ited Yl ith Stenosis 

Sc\ oro in«»uftit lcnci * (1 plus) 3 

Alodcnte in^ufiu lCiu.} (2 plus) 1 

Minimal msufhcioticv (1 plus) H 

With Stenosis (Rtforo Tricuspid Commissurntonij ) 

Scveie msufficicncv (3 plus) 0 

Atodcrnte insufficient v t (2 plus) l 

Minim il inMifficiPnej t (1 plus) 31 

lot'll ~ ~~ T 


•Tricusi id annulus flbtosus plicited in - patients 

tlncluded in Table MI V 

Tricuspid Iiic.uiic.iTuio\—Tucuspid insnfficienc!, foituniitph, is an ab 
noimahtj which phjsiologicallj is less difficult to boat tlnn aic equnalent 
lcguigitant lesions o£ the otbci two \al\cs which aic subject to lhcumatic 
defoimntion (aoitic md initial) Neicitheloss, in its more scieie foims it is 
a distinct buidui to the patient, especiallv when it is found m one with in 
ci eased pulmouan aiteuolai lesistancc, a condition oiten associated with (and 
caused hi) initial stenosis With such incteased \asculai 1 osistance effectne 
function of the light lentnclc becomes ispecinllj linpoitant in oidei to piopel 
the hlood tillough the pulmouan \ isuilai bed This is accomplished with 
gioat difficult! m the piesenee of a seuousli incompetent tucuspid calve 
since (lunng sjstole the light acntuculni content moio cnsib may be de 
Incicd m letiognde fashion tliiougli tins ! die into the systemic icnous 
bed lathei than into the pulinonaiy aitcij 

The collection of tucuspid msufficicnci by dnect, digitally contioiled 
plication of the external poitiou of the tucuspid annulus fllnosus, as pien 
ousli desciibed, 3r mai be canicd out expeditious]! and almost without sig 
mficant additional nsk thiongh the light antciioi thoiacic appioach (Ihg 8, 
A IJ) Iloweici, it can be pciformed onh with difficulti if the incision has 
been made at a leiel lngliei than the liglit fouitli mtcispacc (the fifth is 
piefeiable) In 2 of these patients, such plication effcctnclj collected the 
iegmgitation Wc helieic this pioceduie to he indicated whcncict the le 
guigitation is estimated (digitally) to be of a magnitude gicatei than 2 plus, 
pionding, of coutse that the patient’s gencial condition is deemed satis 
faetoiy foi such additional suigeii Recently, it has been possible to oiei- 
come seieie isolated tucuspid insufficient! in one patient (D C) by the 
Nichols’ 30 method of polai eioss plication of the antciolafeial poition of the 
tucuspid annulus fibiosus (Fig 9, A 0) 
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bv the more obvious manifestations of the ever-present associated mitral dis¬ 
ease. Although. Reale, and his co-workers 33 have described well the physio¬ 
logic findings which are characteristic of its presence, in practice, significant 
tricuspid disease can be recognized with certainty only by direct digital 
exploration of the tricuspid valve at time of mitral surgery (Table VII, A). 


Table VII, A. Degree or Tetopspid Stenosis Found ix 175* Cases of Tricuspid Explora¬ 
tion Among 200 Consecutive Mitral Commissurotomies From the Bight Side 




| TOTAL 

! per cent 

Severe Stenosis 


11 

6.2 

Finger-tip opening 

3 



1 finger opening (1.5 cm. 2 ) 

8 



Moderate Stenosis 


8 

4.5 

1% finger opening 

3 



1 Vo. finger opening (2.5 cm. 2 ) 

5 



Minimal Stenosis 


21 

12.0 

1% finger opening 

n 

O 



2 finger opening 

10 



2% finger opening 

4 



Unspecified minimal involvement 

4 



Total 


40 

22.7 


*In 25 patients tricuspid exploration was not carried out. 


Exploration of Tricuspid Valve ,.—Insertion of the operator’s finger through 
an incision made in the right auricular appendage to explore the right atrial 
chamber when using a left-sided approach is difficult and dangerous. Vfe 
employed it in 7 patients, the first time on Jan. 23, 1953, and described it only 
to condemn it . 10 A 113 * attempt at instrumentation of this valve from the left 
is fraught with unusual danger due to the poor exposure and control of the 
appendage. In truth, this is an attempt to perform a right-sided operation 
through a left-sided approach!! Tricuspid commissurotomy performed through 
a right thoracic incision, on the other hand, is readily, efficiently, and safely 
accomplished. If we are to include a routine exploration of the tricuspid 
valve with every operation for mitral stenosis, the approach must be made 
from the right. 

Among the 200 patients, 30 were operated on primarily for aortic lesions. 
There were 170 patients who were operated on for a diagnosed mitral stenosis, 
although in 2 an additional preoperative diagnosis of tricuspid regurgitation, 
and in 5 of tricuspid stenosis, had been made. These suspected additional 
valvular lesions were found, and also another fourteen instances of significant 
(moderate to severe) tricuspid stenosis (Table VII, A), as well as another 7 
cases of previously unsuspected significant incompetency of the tricuspid 
valve (Table VII, B) in 175 of these patients in whom the tricuspid valve was 
explored. In 25, hypotension or other untoward signs precluded elective 
examination of this valve. Had we failed to perform digital examination of 
the interior of the right atrium in the majority of this group of patients, the 
multivalvular involvement in most cases would have escaped notice and ni 
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Append vgfil, Thrombosis —Since dislodgmcnt of loosclv attached thiom- 
botic matciial fiom the appendage (attial tlnombosis was piesent m 29 pei 
cent of mu fust 1,200 patients with initial stenosis in whom comnussuiotomy 
was peifoimed fiom the left side) dm mg the enhance of the opeiatmg 
fingei m dining the subsequent mtiaemdiac manipulations is belieied to be 
the chief and usual cause of systemic aitciial embolization when it occuis 
duting suigeiy (Table VIII), one logically might expect to eliminate such 
accidents fiom this souice bj choosing a diffcicnt site of atli.il entiance 
Using the dissected inteiatnal gioove as the appioach the entiance is made 
thiough the left side ot the lntciatnal septum, a site chaiacteustically fiee 
of thiombotic attachment As pteviously iepoited, lr 37 with the loutme 
application of tiansient constuetion to the caiotid vessels when the left 
atnal lumen is enteied via the left auiiculai appendage, the incidence of 
ceiebial embolization oceniiing at the tune of suigeiy can be icduced fiom 
5 1 pei cent to 18 pei cent ITowevei, since tins technique meielj lednects 
the comse of any dislodged paiticulatc mattci into the descending aorta 
latliei than thiough the caiotid aitones, the incidence of penphoial aitenal 
embolization becomes lncieased conespondingh 1 

True Atrivl Thrombosis —Lai go extensions of tlnombosis from the left 
auiiculai appendage into the tme atnal lumen wcic lecogmzed in 3 9 per cent 
of oui first 1,200 patients (opeiated on fiom the left) In most instances, the 
clot forms in “placenta like” fashion, coming pai tialh to line the left oi 
posteuoi wall of the left atimm UsualK such “lining” clots me found in an 
organized state and are well attached 

Howevei, in some patients, massive clotting occupying lip to one half oi 
moie of the volume of the left attial chamboi may be encoiinteied If the 
opeiator’s fingei, aftei leeogmzing this situation is kept caiefully away from 
sueli (usually soft) masses, appaiently theie is little dangei of dislodgmcnt 
of a poition 

Extensive mtia atnal tlnombosis was lecogmzed at suigeiy in 16 of oui 
200 patients (8 pei cent) opeiated upon fiom the right side 

Occasionally, the opciatoi may iccogmze the piesenee of a soft fieely 
floating thiombotic mass nothin the left atnal chambei In still otlieis, a 
similai mass may be found to be attached looselv, pcihaps by a tlun pedicle, 
and capable of moling fieely within a wide aic Eitliei of these types of 
“loose” thiombus may’ lead to the "ball vahe” svndiome with intermittent 
total blockage of the diminutive initial valve onficc lc 38 On March 21, 1955, 
m Patient L 6 (Table VIII), a soft, loosely attached clot, nieasunng appioxi 
matcly 3 cm m diamctei, became detached dunng the suigieal manipulations 
incident to cnlaigcmcnt of the v'alve apcituie, and theieaftei disappeared 
from the left atnal chamber Immediate palpation of both femoial aitenes 
levealed disappeaiance oi pulsitions Upon completion of the thoiacic 
suigeiy, an abdominal incision was made and the embolic mass was lemoved 
fiom the aoitic lumen close to its Infill cation Ilecoveiv was uneventful 

Such poorly attached oi floating clots sometimes may be evacuated fiom 
the momentanly’ opened heait by a technique of peimitting the piessnie of 



A. 


B. 



C. D. E. 


Fig. 8.—^Partial circumferential plication of the mural portion of the tricuspid annulus 
fibrosus for insufficiency of this valve. (Courtesy Bailey, et al., Cardiovascular Surgery, 
Proceedings, Henry Ford Hospital Symposium, 1955, W. B, Saunders Company.) 

A, Right atrioventricular sulcus. 

B, Mobilization of fat pad and contained right circumflex coronary artery from the sulcus. 

C, Left index finger inserted into right atrium through incision made in right atrial 
appendage and thumb placed beneath dissected fat pad (and right circumflex coronary 
artery) to palpate annular ring. 

D, Placement of interlocking heavy mattress sutures into and about a portion of the 
perimeter of the valve ring. 

E, Tying down of these sutures effectively reduces the length of this portion of the ring. 



Fig. 9.—Nichols’ method of polar cross-plication of the annulus fibrosus applied in 
tricuspid regurgitation. 

A, Preoperative condition of the valve with either a dilated ring or shrunken leaflets 

resulting in a significant disproportion between the available existing - leaflets substance anu 
the size of the aperture to be defended. , 

B, Placement of plicating sutures in the annulus over the anterolateral extremity of 
the triangular valve orifice. 

C, Incompetence of the valve is markedly reduced or overcome as the sutures are tied 
down and the bases of two of the leaflets are brought closer together. 




A 




Fib 10—Use of one of the Litwak* aspiriting tips to remove a loose!} attached or 
freely floating thrombus fiom the left atrial chanibei (right sided approach) 

A Photogiaph showing two size*, of the instiunient (Courtesy Isew 'iork J Med M irch 
Id 1956 ) 


2? Intto luction of streamlined instiument along the pilnmr surfice of the intracar liac 
finger fiom the right (it is used similub from the h ft) Tlie suction is applied after the 
tip of the aspiiator h is been brought into cont ict with the clot (Coirtosj N<w \otk J Med 
March 15 1956 ) v 


C Sudden iemo\al of the fingei the instrument and tin ittached clot from the heart 
en masse The concomitant momentary free bleeding from the heart wound serves to 
out an> smaller fragments whch ma> lave become detached duiing the extraction 


♦Obtainable fiom George P Pilling & Son Co P hiladelphia 
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aorta immediately but may come to rest temporalily upon tlie inner surface 
of the most dependent wall oi the left vent tide or atrium. Fiom the latter 
site, they may be extracted by sliding them otci to the site of atiial entrance 
with the ungloved index finger 1 ' (Fig II, A, B, C). 

As shown in Table VIII, all but one of our five instances of operatively 
pioduced embolization weic of thiombotic oiigin. 

SURGERY FOR “RECURRENT” MITRAL STENOSIS 
Obviously, a ieady suigical appioach from the light side would avoid 
many of the technical difficulties inherently associated with operation for 
initial stenosis for the second time fiom the left. In contrast to a nearly 
viiginal opciativc field on the light (except for peiicardial adhesions), the 
left side then is cncumbcied by the presence of pleuropulmonary adhesions 
which tend to be very fiim over the site of the pic\ions pleuial and peri- 
caidial incisions Not only does the pciicaidium tend to be densely adherent 
to the stump of the partially amputated appendage, but the latter usually 
wall be found to have become shiunkcn and imbedded within dense fibrous 
connective tissue The impoitant anatomic maikings which normally de¬ 
lineate the limits of safe entiy into the left atrial chamber aic obscuied. 
Hence, in these individuals the light-sided appioach to the initial -\alve may 
he made safely and methodically, w r hile the left is fi aught with unusual 
technical problems and the dangci of causing aii leaks and prolonged oozing 
from the seancd pleuial surfaces, as well as inctcased ical and fancied diffi¬ 
culties in scpai ating the vahe commissures Not infiequently an unsatis- 
factoiy valve mobilization may lcsult fiom hasty manipulations necessitated 
by insccuic hemostatic contiol dining secondaiy piocedmes carried out by 
the left-sided loutc 

CASE REPORT 

F. B (Case No 36918), a 23}earold white woman was operated upon by one of us 
(C P. B ) for mitral stenosis at the Hahnemann Hospital, in Philadelphia, on Feb 27, 1950 
She was the fifteenth patient operated on at this hospital for this condition. The approach 
made through an opening in the tip of the left auricular appendage, using the usual 
long posterolateral thoracic incision and opening the fourth intercostal space widel} The 
double glove technique then in \oguc ■was employed 

The vahe was found to be fibrosed but not calcified, and the orifice was contracted to 
a tinj sbtlike aperture less than a centimeter m length and perhaps one fourth of that 
distance in width There was no detectable regurgitation (Fig 12,-d). 

The screw type guillotine knife was applied against the anterolateral vahe commissure 
and it was cut once This separation was extended readily and fully to the annulus fibrosus 
by digital pressure without producing aii} regurgitation Palpation with the finger tip rc 
\ealed adequate support with numerous chordae attaching to both leaflets It was estimated 
that the \al\e opening had been extended more than 1 cm be)ond the line of direct 
tendinous support 17 

The operator’s attention was turned toward the posteromedial commissure and digital 
pressure was made against it At first it resisted strongly. The guillotine Knife was closed 
once Digital pressure was applied and suddenly the glo\ed finger seemed to break through 
the valve substance, separating the tissues tvidel}. The resulting opening surelj would 
ha^c accommodated 3 fingers simultaneous!} Immediate!}, a'4 plus grade of regurgitation 
became apparent, although palpation of the posterior portion of the xalve opening 
\ealed that there were several chordae attached to each 1 > V 
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the left atrial blood content to force it out, as described by Jamison , 39 and 
others. However, this maneuver may fail, especially if the mass is large or 
partially adherent to the endocardial surface. 

In such a case, the end of an appropriately shaped, specially designed 
aspirating tip such as that devised by Litwak (Figs. 10, A, B, G) may be in¬ 
serted into the atrium along with the finger until the end is in contact with 
the clot. The suction then is turned on and the instrument with attached 
clot (and finger) is withdrawn through the atrial site of entrance as the 
purse-string suture is relaxed momentarily. We have performed this maneuver 
successfully from the right side on three occasions. 


B. 



Fig. 11.—Extraction of dislodged calcific particles from the left atrium. 

A, Calcific fragments being heavier than blood, when detached from the atrial aspect of 
the mitral valve by the surgeon s finger or instrument, tend to fall into and to rest for a 
while upon the most dependent wall of the left atrium. 

B, When found bv the bare index finger tip of the surgeon, such a particle may be 
held firmly against the 'internal surface of the atrium and then "slid ’ along it to the site oi 
digital entrance. 

C, The finger and particle together are removed suddenly from the heart, permitting 

momentary externa! bleeding. This tends to out" anv overlooked additional particulate 

matter. Hemostasis is re-established promptly by tightening the purse-string: suture. 


Calcification of the Valve as a Source of Emboli. —Naturally, frag¬ 
mentation of calcific material which may he attached to the valve edges is 
not influenced by the choice of the site of entrance into the left atrium but 
only by the condition of the valve and by the manipulations entailed in the 
particular commissurotomy technique employed. Since such dislodged cal¬ 
cific particles are heavier than the blood, they may not be expelled into the 
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Operation was performed on April 2% 1053 Again the approach was made through 
the left thorax, the old incisional scar being opened Great difficult was experienced m 
mobilizing the left lung from the thomcic wall and the myocardium to which it was 
extensively adherent Numerous small lacerations of the lung were produced with result 
mg ur leaks 

Ev en before entering the extremely dilated left atrium, \entncular fibrillation 
de\eloped once Spontaneous rhythm was reestablished by massage, electric countershock 
and the administration of vasopressive drugs Nevertheless the blood pressure remained 
at a low level Consultation with the fannlv resulted in a decision to procoed with the 
surgery in mow of her generally downhill course and the improbability of survival from 
i noiihelpful oxploi itorv opiration lour subsequent tpi^odis of ventricular fibrillation 
punctuated the ensuing operative procedure, each lequiring electric countcishoch 

A purse string suture was placed in the atrial wall at the b isc of the largely 
obliterated appendage and a stab incision was made within its confines The operator’s 
bare index finger was inserted into the ltnum and the valvo was examined A 2V* to 3 
plus regurgitation was present, but a lemarl aldo change had taken place within the valve 
structures The anterior commissure had become roadherent all the wiv back, to the 

anterior line of direct tendinous support Postcnorh, the valve separation no longer 

extended to the annulus fibrosns, but scnrcelv a centimeter bcvornl the posterior line of 

direct tendinous support which could be delineated clearlv with the baro finger Ihe 

entire vnlve aperture was considered to be a IV. finger size The obliterated anterior 
commissural tissue now was defimtelv calcified (Fig 32, C) 

At this point, ventricular fibrillation occurred again, requiring massage and stimula 

tion 

The anterior commissural tissues weie split icidilv to the valve ring without altering 
the existing regurgitation 

A entncular fibrillation recurred requiring electric conutershocl and massage for 
its correction 

Using the Tamison stitcher, a stup of pcncaidium was passed in suture fashion 
through puncture wounds nude m both lciflets at points pist beyond (posterior to) the 
posterior line of direct tendinous support Dus technique has been described previously ic 40 
Oik tnd of the pericirdial loop was passid through an “eye” iindi m the other, and the 
end of the loop thus created was drawn out of the atrial incision Moderate traction upon 
tins loop sigmficnntlv diminished the regurgitant jet, leaving an effective valve opening 
more than sufficient to admit 2 fingers (Tig 12, D) 

The procedure was tumumted by suspending the end of the pericardial loop from the 
atrial incision which was closed with cross suturing of a mattress type The chest wall 
was closed in the usual manner with water se tl drainage 

A entncular fibrillation ensued twice during the closure of the chest wall 
The patient’s blood pressurt remained at a verv low level (GO to 70 mm Hg, svstolic) 
m spite of transfusions and vasopressive agents and she failed to rcict from the 
anesthetic twelve hours ifter the completion of tho operation, the heartbeat disipptared 
Post moitcm examination confirmed the operative findings plus evidence of piilmonarv 
edem i and old infarcts of the spleen and left kidnev 

Comment —The cleai cut digital ewdeuee ot extensile te establishment of 
comiiiissuial fusion both antciolatoiallj and postcioiiicchallj m this case, 
following a moip than adequate bicoinimssuial mobilization of tho leaflets 
leaxes no loom foi doubt that imti il lestenosis sometimes will take place 
despite the most extensile technical single il mobilization of the xahe 

eoxteiac \ting 11 euroi ui.mon \k\ itmoxs 
To less extent, the mentioned difficulties max apph in patients xxlio picti 
oush haxe had left sided tlionue suigtrx fm some othu icason, and ill those 
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posterior separation had become extended at least 2 cm. beyond the posterior line of 
direct tendinous support and fully to the annulus fibrosus. Presumably, it extended well 
beyond all normal chordal support and, therefore, even though apparently made in the 
proper anatomic line, permitted regurgitation due to reflux of the nonsupported portion 
of the flexible valve edges (Fig. 12, B). 

The patient’s heart dilated enormously, became visibly weaker in its contractions and 
went, into arrest. The finger was removed from the atrium, the appendage was ligated’ and 
cardiac massage was commenced. With the administration of adrenalin and continued rhythmic 
compression of the ventricles, the heartbeat returned and a peripheral pulse and blood pres¬ 
sure became obtainable. 


A . 


D. 



Fig. 12.—Diagrammatic representation of mitral valve in patient (F. B.) demonstrating 
the significant degree of restenosis which occurred within a five-year period following ex¬ 
tensive bicommissurai mobilization of the structures. 

A, Original stenotic valve orifice in a fibrosed but largely flexible valve. 

B, Following an extensive commissurotomy at each valve extremity, a very severe 
posteriorly located regurgitant jet was noted (estimated to be of 4 plus magnitude). 

C, Five years later, at reoperation, the anterolateral commissure had become obliterated 
to the anterior line of direct tendinous support, ami the posteromedial had become refused 
partially. The regurgitation had become reduced significantly. 

n. Direct suturing together of the leaflets over the incompetent pole of the valve re¬ 
duced the regurgitant jet. The anterolateral commissure had been reopened. 


The chest wall was closed with some difficulty because of the great dilatation of the left 
ventricle which scarcely could be fitted within the thoracic cage. It was impossible to 
approximate the edges of the widely opened pericardium so the sac was left entirely open. 

While the patient remained hypotensive for days, eventually she made a reasonably 
satisfactory recovery, although the heart showed marked enlargement and there was an 
entirely new 4 plus systolic murmur over the apex. The previously present diastolic 
murmur was entirely gone. Atrial fibrillation persisted. 

During the next four years, the patient continued to present evidence of mitral 
insufliciencv with a lowered myocardial reserve, tendency to edema of the lower extremi¬ 
ties, and engorgement of the liver. 

On April 3, 1955, this patient was readmitted to the Hahnemann Hospital (Case 
Ko. 55-04017) for repair of the mitral insufficiency. Cardiac enlargement was 3 plus and 
the left atrium was so enlarged as to be considered aneurysmal. 
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even a decree of scoliosis may follow. "While early and persistent attention 
to movement tends greatly to diminish the incidence of these complications, 
every thoracic surgeon has had experience with at least a few individuals in 
whom these efforts have failed, a permanently stiff and painful shoulder 
resulting. 

In striking contrast, such shoulder complications are almost never seen 
when an anterolateral thoracic incision is employed. 

DIVISION Ob’ THORACIC MUSCLE TRUNKS 

The anterolateral incision divides relatively few fillers of the pectoralis 
major muscle. By a splitting technique, the fillers of the lower third of the 
muscle mass arc separated anatomically over the interspace selected for 
thoracic entrance, hut their innervation, which comes from the axillary re¬ 
gion by way of the middle and lateral anterior thoracic nerves, is not inter¬ 
rupted. Hence, the function of this muscle ultimately becomes restored 
nearly completely to normal. 

In dismal contrast, the usual long posterolateral thoracic incision neces¬ 
sarily divides the continuity of the latissimus dorsi completely. At the same 
time, it denervates the caudal portion of this muscle permanently since it en¬ 
tails division of the spinal accessory nerve filaments which run over and 
through the muscle structure roughly parallel with the course of its fibers. 
The rhomboidei and the serratus inagnus muscles suffer serious but less ex¬ 
tensive damage. 

It would seem inevitable that a significant portion of the muscular strength 
of the shoulder and arm must ho destroyed by this type of incision. While 
such a reduction in the structural strength of the arm, shoulder, and trunk 
may he of little consequence in a person of sedentary habits, in one accus¬ 
tomed to greater physical activity and vigor, it may reduce in value the 
benefit obtained from a successful attack upon the valve by precluding a re¬ 
turn to his previous vocation or avocations. 

AVhat part Ihis weakening of the muscular support may play in the post¬ 
operative development of a stiff shoulder has not been determined. 

COSMETIC ASl’ECTS OF THE INCISION 

An apparently minor advantage of the anterolateral incision is related 
to its placement (in the female) largely within or slightly below the infra¬ 
mammary fold. This localization renders the incisional scar scarcely visible 
in the nude, and completely concealed when the patient wears the usual type 
of breast support or a modern two-piece bathing suit (Fig. 13, A and B). 

In 25 consecutive female patients operated on through a light-sided in¬ 
cision, the length of the incision was found to average 27 cm. A comparison 
was made with a similar group of patients in whom the approach to the mitral 
valve had been made through a left posterolateral wound. The average 
length of the scars measured 47 cm. 

Inasmuch as 71.5 per cent of the patients in whom we have performed 
commissurotomy for isolated mitral stenosis are females, and since 75.7 per 
cent of these were below the age of 45, it may not he amiss to consider 
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who have suffered, on a former occasion, from left pleural effusion or empyema, 
or perhaps even from extensive (left) pulmonary disease such as bronchiec¬ 
tasis, abscess, or tuberculosis. The right-sided approach to the mitral valve 
makes it possible to by-pass such difficulties in some eases, and with other 
individuals to undertake simultaneous corrective surgery when indicated for 
right-sided noncardiac associated lesions. 2S This applies especially to de¬ 
cortication of organized exudate which may form upon the right lung when it 
has been compressed over a long period of time by pleural effusion which may 
have been of cardiac origin (failure). 

INTERATRIAL SEPTAL DEFECT 

We have encountered one small, previously undiagnosed, interatrial septal 
defect which we were able to close by the technique of atrio-septo-pexy at 
the time of the right-sided operation for mitral stenosis, as well as two others 
which were diagnosed correctly, preoperafively. In these latter instances, the 
mitral valve was approached by way of the right auricular appendage and 
the septal defect.' 11 ’ 42 

ANOMALOUS PULMONARY VENOUS DRAINAGE 

Right-sided anomalies of the pulmonary venous drainage may be diag¬ 
nosed and treated appropriately during the course of the routine explora¬ 
tion of the right atrium. In one of the patients, with interatrial septal de¬ 
fect referred to above, an associated anomalous right pulmonary vein was 
ransposed with the help of the left index finger inserted within the right 
trial chamber by a technique described previously. 10 ’ 18 

INCISIONAL PAIN 

One of the lesser but nevertheless worth-while advantages of the right- 
ided thoracic incision is the relative mildness of the thoracic pain experi¬ 
enced during the postoperative period. This was dramatically illustrated in 
the reports of each of the 6 patients who had secondary surgery performed 
from the right after previously undergoing left-sided mitral surgery. It 
must be noted that this minimization of discomfort is equally prominent when 
the left anterolateral thoracic incision is employed for mitral commissurotomy 
and merely represents the inherent superiority of the anterolateral over the 
posterolateral thoracic incisions in this respect. 

ARJI AND SHOULDER FUNCTION 

In part, the prolonged limitation and stiffness of movements of the 
shoulder girdle which sometimes follow surgical procedures which utilize 
posterolateral thoracic incisions are related to the initial operative pain and 
consequent muscle spasm. The voluntary immobilization of these structiues 
which often is established during the immediate postoperative period, may 
lead to adhesion formation about the shoulder joint, to bursitis, or to a habit 
of maintained chronic muscular tension which tends permanently to inhibit 
free movement of the shoulder girdle. A high-held or frozen shoulder and 
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Tin Thor mh, IjMrvnu- —In llu. female, a smoothie cimod incision is 
mack 1 cm below the light liifnnnmnniy iolcl fiom the stemnl hoidei at 
the lex cl of the fouith costal cntilage to within 4 cm of the apes, of the 
asill 1 In the male, the incision is made somewhat loss cun cel and passes 
lust below the nipple The films of the pcetoialis majoi and nunoi aie split 
and dmded as ncccssaij to espose the fouith mtcicostal space The long 
thoiacic neixc lunning longitudinallj close to the midaxillaiy line is pie- 
seixcd Ihe mtucostal muscles aic incised in the middle of the lnteispnce, 
and the light pltuial canty is cnteied The fouith costal caitilage mat be 
dmded at its sternal junction to affoid hcttci exposuie of the mtiathoiacic 
contents The internal mammal j aitcit and tcins aie mobilized sepaiatelj 
At this lot el, it is common to find one torn medial and one torn lateial to the 
aiteiy llach tessel is doublj clamped, dmded hetween the clamps and the 
cut ends aic ligated mdmdnallv So ticatcd, few of these tessels will bleed at 
a latei tunc The fouith and fifth libs aie coteied with laige, moist gauze 
pads and aic spioad apait to a limited extent by a Fmochietto 01 othoi t>pc 
of self letainmg letnctoi To allow additional sepaiation of the ubs, the 
inteicostal musdos tie dmded iaithei postenoily along with the pleuia 
Otei a penod of twentt minutes, the letiactoi spiead is incieased by small 
niciements, thus at oiding 11 b fnetute 

The C'RDUC Appro xcii —The lung is eoinpiesscd postonoih with a laige 
gauze pad exposing the peueaiduun This is incised m the pattern of the 
capital lettci “L” Ijing on its side One lnnb of the pciicmdial incision inns 
paiallel to the light phienic none and 1 cm antonoi to it extending fiom the 
Rich of the aoit.i supenoily to the lowei inaigin of the light nifenoi pul- 
nionai} tern The othoi lnnb is dnected fmwaid at 90 degiees fioin this 
lattci point aeioss the light atiiuin until it passes just undci the sternal 
boidei at the antenoi extienutj of tlic wound Cue is taken to ligate all 
bleeding points along the peiicaulial edges Tinction sutiues aie placed m 
the antenoi and postcnoi lips of the peiicaidium The phienic neive is 
axoided assiduously since Hindieitently pioduccd diaphiagmatic paialysis 
will icsult in postopeiatne peisistcncc of the usually picsenting symptom of 
shoitness of breath 

A distinct giooie oi sulcus can be made out upon close inspection of the 
suifacc of the light side of the heait (I’ig 14, A) It inns m a ceplialocaudad 
dnection, staiting just behind the supenoi xena caxa and sepaiating the 
light atnum, which lies antenoi lj fiom the loft atiium along a line pioxunal 
to the junction of the light pulmonaij leins This mteiatnal sulcus is 
coxeied with cpieaidiuin and is filled m with adipose tissue so that it is best 
xisualized dining atnal sj stole This is the same sulcus which is dissected 
m the Sondcigaaid technique foi closuic of mteiatnal septal defects 43 

The mteiatnal boundaix may be demonstiated moie definitely by making 
a limited (11 to 2 cm ) longitudinal incision in the epieaidium oxei the middle 
of this lightly coloied fat pad, and bj continuing this dissection bluntly to a 
depth of 0 5 cm (Fig 14, B) 



456 


BAILEY AKD MORSE 


J Thoracic Surg 
April 1957 


seriously the cosmetic aspects of these operations An incalculable amount 
of psychologic distress may he imposed upon a sensitive patient by the crca- 
tion of an ugly or deforming scar. 


A 



B. 


Fig- 13— A, Long (a^eiage 47 cm) posterolateral incisional scar resulting from cus¬ 
tomary left-sided operation for mitral stenosis 

B, Cosmetically superior and much shortei (27 cm) anteiolateral incisional seal p> o- 
duced during right-sided approach to the nutial \al\e The transaortic approach for aoitic 
stenosis and the natural approach to the tricuspid readiK may be made through this same 
incision -- 

Courtesy Neu Yotk J Med, tol 50, March, 1950 

OPERATIVE TECHNIQUE FOR MITRAL COMMISSUROTOMY PERFORMED 

FROM the right side 

The patient is positioned on his back in the supine position. A small 
pillow or folded sheet may be placed under the right shoulder to tilt the 
patient slightly toward the left, and the right arm is abducted 90 degrees. 
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gioove inai be extended and deepened somewhat to admit the tip of the opeia 
toi’s left index fingei fiom which the glove fingei has been cut awai The bale 
fingei is moistened witli a dilute hepann (1/1000) solution and is nisei ted, pal¬ 
mar smface uppeimost, into the apex of the dissection The end of a bioad- 
bladed knife (Baid Paikei No 22) is laid flat upon the pnlmai aspect of the dis 
tnl phalanx of the left index fingei Tig Ifl, li shows a special guaid doused foi 
the blade In Di Rieluud A fiilman This lnstiniiient senes to nuniniire am 
dangei of diudmg the pm so stung and 1 educes the possilnliti of penctiating the 
light atnal chambei madicitentli This accident oceuncd thiee times m 0111 
eaih expei lence In each instance, the opening was closed seem eh with intei 
rupted mlon sutuics In a technique lcminiseent of the atno septo pexi pioee 
dine for mteiatnal septal defect ' 10 

Conti oiled and guided bj the fingei, the blade is adianced to picice the 
postal ioi half of the paitinll} sepatated inteiatnal septum It is impoitant to 
limit the extent to which the knife penetiates within the lumen of the left 
ati nun Otheiwise, theie is some chance that it maj punctuie the postenoi 
(vcitcbial) wall of this chambei (Fig 15, C, and D) and cause seieie liemoi 
lliage, the site of which cannot be exposed foi sutming except by piomptly 
tiansccting the stcinum, opening the left plcuial cant}, and dislocating the 
lieait upwaid and out of the pencaidial sac The Gilman guaid, b} limiting 
the length of blade tip which maj emeigc fiom its covei, would seem to 
obviate this lisk 

The ciitianeo of the kmlc blade into the left atnal chambei is lieiaided 
by a small gush of blight led blood The knife is withdiawn immediate!} and 
the fingei tip is nisei ted into the opening to tamponade it As the fingei tip 
is advanced cautiousl} pelli.aps with a gentle twisting motion, the stab wound 
m the left hennseptiim giaduall} becomes dilated to accommodate it (Fig 

Tabie I\ Hazards oi Right Sided Entfincf Into Lfit Atfium and ArrromvrE 
Preuntiil and Coppectii f Mfvsdpfs 


H\ZAI DS | BAtEGUAFDS AND MANAGEMENT _ 

1 Hypotension from pressure on right suit 1 Close touch with anesthesiologist, mold 

of heart met of prolonged retraction against right 

atrium, use of vasoprcssiie igents 

2 Ttmng out of puise string (possible 2 Care to sec that purse string loops pene 

massne hemorrhage) trate full thickness of atnal wall, ap 

proxinntion of lips of eirdiae wound with 
Nelson tissue forceps if this accident 
should occur 

3 Accident il cutting of purse string (pos 3 Use of Gilman guard (see Fig 15, B ) on 

sible massne hemorrhage) entering left atrium, approximation of 

lips of cardiac wound with Nelson tissue 
forceps 

4 Laceration into right as well as left 4 Care to cut into onlj posterior half oi Qis 

atrium, production of septal defect sected intcratml septum, repair of septal 

opening bj the technique of atrio septo 
pexi 

5 Stib wound penetration of posterior wall 5 Care not to insert knife bladc^t i>l\ 

of left atrium (Gilman <murd), p t " 

pic ' ♦ of 

to 
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The Entrance Into tiie Left Atrium.—A purse-string suture of heavy 
braided nylon (No. 2) swedged upon a curved needle is placed widely (at a 
distance of .5 to 1 cm.) about the dissected area. Care is taken that the in¬ 
ternal loops are made less than 8 mm. in length, and that the needle point 
actually penetrates into the lumen of the underlying atrium with each pass. 
Failure to include the entire thickness of the atrial wall within the suture 
line will render the attachment of this hemostatic purse string insecure. It is 
essential also definitely to traverse the underlying interatrial septum with the 
purse-string suture at the upper and lower ends of the interatrial groove in 
order to limit any tendency toward “spontaneous” separation of the two 
halves of the laminated interatrial septum. Reinforcement of this restraining 



A. B. 

Fig. 14— A, Photograph of the right side ot the heart at operation, show ins location of 
interatrial groove (arrow). 

B, Photograph showing the limited dissection of the interatrial groove and placement of 
the hemostatic purse-strmg suture. (Courtesy of A.M.A. Book of Exhibits, 1955.) 

effect is accomplished by placing a No. 3-0 cotton stay suture deeply into and 
across the interatrial groove and its contents just beyond the purse-string 
suture at each end of the groove. The ends of these cotton sutures are left 
long after tying and the needles are permitted to remain attached so that they 
may be used later to oversew the dissected portion of the groove (Fig. 15, A). 

The long ends of the nylon purse string now are incorporated within a 
Rumel-Belmont tourniquet in order to apply flexible, dependable, hemostatic 
tension to the suture line. A heavy braided nylon suture with a swedged-on 
curved needle is placed in mattress fashion across the area of dissection in such 
a way that the lips of the wound to be made in the left atrial wall must become 
everted when it is tied down. The incision will he made within the confines of 
this mattress suture, care being taken not to interrupt it. By this means no raw 
wound will be left finally within the left atrial chamber. The dissection of the 
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15, E). The technical hazards associated with the right-sided entrance into the 
left atrium are listed in Table IX. The treatment as well as the prevention of 
these errors is suggested. 

Exploration - of the Left Atrium and the Mitral Valve.— The valve 
orifice when so approached lies somewhat farther from the site of cardiac 
entrance than when explored from the more customary left side. This may 
necessitate the insertion of the whole length of the finger into the atrial 




Fie. 15.—A. Illustration showing placement of restraining stay sutures through the 
partially split atrial septum at either extremity of tne dissection. 

S. Heavy braided nylon mattress suture placet! across dissected re cion in such a way 
that tying 'town will evert lips of left atrial incision <to be made)- 

C. Penetration of the lower (left) half of the dissected septum with knife blade. Tin's 
incision is kept within the confines of the mattress suture. 

D. Possible perforation of th~ posterior atrial wall by a simple knife blade if it is in¬ 
serted too far. 

E. Entrance of ungloved tip of left index finder through slitlike puncture opening made 
in left half of dissected septum. As the finger is a. 1 winced in 3 gentle twisting fashion, the 
septal incision becomes lengthened somewhat to accommodate it. r'suall>y-'tension upon th«* 
purse string is not required for hemostasis at this time. (Courtesy 2Cew York J. Me*!-. 
Hatch 15. 195 C.) 
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appendage in a seaich foi intia-atiial thiombotic masses If sneli a clot is 
found, thcieafter it is avoided assiduously in oidci not to dislodge a fiaffluent 

The fingci tip non is insetted deeply into the diminutrie vahe orifice, by 
the same moxement both nicMsuiing the size ot the opening and, m faxoiable 
cases, bringing about the beginning ot comniissutal sepaiatiou (splitting) 
As it passes below the apex ot the \ahc cone, the fingci tip attempts to pal¬ 
pate the suppoiting ehoidae and papillniy muscles to dcteimine their location 
and condition In no case, should the fingci be peimitted to block the iahe 
passageway for a longer tune than that occupied by tliiec heaitbeats It 
must be withdiawn completely into the atrial cliambei within this period. 

After peimitting a few seconds for eaidiac lecoictv, the fingei ic- 
exninines the \ahe orifice to dcteiinine if any effective enlargement has been 
piodueed, if any new legmgitation has been cieatcd, and to lecognize at 
which eommissuie the splitting may base staited Should a beginning split 
be found, in the absence of an incieascd amount of ingurgitation, disrupthe 
digital picssuio then is applied diiectlv at the apex of this aica of paitial 
Mihe divulsion 

Digit vn Commissuroiomx (“Fi.xgfr Frccture’ - ) —Since effective exteinal 
counteipicssuie o\cr the comnussuus seldom is feasible when using this 
right-sided appioach to the initial salve, a different digital technique is 
employed fiom that which is customaiy with the left sided appioach The 
apex of the intiacaidtac fingci is placed upon the atnal aspect of the ial\e 
at a point just peiipheial to one of the extiemitiis of the xal\e slit Giadually 
incieasing picssuie is applied to the iahe maigin, being duectcd towaid the 
apex of the heait Soon, the bale fingci tip will slip o\ei the apex of the 
\ahe eommissuie thiough the orifice and into the left ientriculai chambci. 
This nianemei momentarily applies consideiable but contiollcd dmilsiie 
force to this cxtiemitj of the salie without incuiring significant usk of in¬ 
juring the wall of the licait (Fig 17, A and B) Basically, it utilizes the pun- 
ciple of the papei knife 

In favoiable cases, the fused leaflets will sepaiate a few millimeteis with 
each such stioke, and this may be icpeatod again and again until the opciatoi 
is convinced that as complete a sepaiatiou of this eommissuie has been biought 
about as can be accomplished by blunt piessuie When the lengthening of 
one extiemity of the \al\e slit has been extended fully to the annular ling, 
which is icadily palpable as a ciiculai coidlike stiuctuie completely cnciielinc 
the basal portion of the \al\e substance, the suigeon’s attention must be 
diiected towaid the opposite one (Fig 17, C) 

Fiequcntly, at one 01 both comimssuies, only a limited oi no separation 
may be aehiexcd exen by peisistent icpctition of this maneinei Geneially, 
this wall lead to the conclusion that an insti umental attack upon the lahe is 
indicated 

Crectiox of Mitru, Kfguroit\tiox —In a ceitain percentage of patients, 
at some stage in the process of salve splitting, a new icgurgitant jet will be 
detected which, when fiist noted, will be found to be 1 '„ tl 

of the dissection This jet will be small and of high cel 
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chamber. During the subsequent maneuvers, care must be taken not to com¬ 
press the right atrium and venae cavae so firmly as to shut off the flow into 
the right side of the heart. Even lesser degrees of pressure, if maintained, 
mar bring about severe hypotension, perhaps by a reflex mechanism. When 
the valve orifice is reached, it is examined digitally. The possible existence 
of insufficiency is sought for. and if a regurgitant jet is noted, an attempt is 
made to evaluate its relative size (1 to 4 plus) and to localize it with respect 
to the position of the extremities of the valve slit. The eircumorificial portion 
of the "valve is palpated in an attempt to determine the relative flexibility or 
rigidity. The presence of any calcification and its amount, localization, and 
character are noted. In those cases in which the calcific deposition takes the 
form of loosely attached sandlike particles or even of stalagmites (Fig. 16). 



Fist IS—Pliotosrraph of mitral valve fhcminp loo^elv attached calcific ^and which reavlilj ma> 
become detached durum the necessarj manipulations of the \al\e 

special care must be taken not to cause encrustations from breaking off 
during tbe required valvular manipulations. The incidence of calcification of 
the mitral valve as determined by digital examination is noted in Table X. 


TABI*E Y. IXCIPEVCE OF CALCOTCATIOV Of THE AIZTK VD A EVE 200 AI1T.RAE C- 03 JAHS 

$utioro\tr£s FEo^r the Right Swe Comp vied TTith the First 1.000 Gases From the Left 



j \CWBEK OF s 

XT5IBES j 



StPE 

CASES ! 

CATX1 Fir'll ] 

PER CENT 


Right 

Left 

200 

1,000 

So 

370 

42.5 

37.0 

__ 


The finger sweeps generally around the lining of the cardiac chamber and 
explores especially the posterior atrial wall and the region of the left atrial 
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oft'oit might well ineiease the o\ci-nlI leak to lethal proportions Fuithci- 
tnore, full scpm ation of the valve tissue will tend to inhibit or to delay the 
subsequent development ot vahular lestcnosis which lwie icprescnts our 
best hope foi “spontaneous” collection of the reguigitation. 

OBJEcrivc: liicOMMissuKAn ItomuzvnOK.—When both commissures have 
been separated to the rahc ling (annulus filnosus), the opening is con¬ 
sidered anatomically to be as large as can he produced in the given patient. 



Fig. 18—Progressive modifications of the guillotine knives used m the performance of 
mittal commissurotomy. 

.A, Original primitive broad-bladed guillotine knife designed in 1949 

B, Reduction m size and refinement by O Neill in 1950 
„ C, Streamlining of ensheathed guillotine knife using tongue-in-groove principle, by 
Bailey and Glover m 1951 

D. Lengthening of instrument for use b> the right-sided approach and incorporation of 
the sharp underjavv In conformity with the papdlotonie principle of Nichols in 1955 

Usually, in the avei age-sized adult patient, this *will he appreciated and 
designated as a 2 finger opening or laiger (estimated 4 to G.O sq. cm.) How¬ 
ever, with fibrotic contraction or dilatation of the annulus there is correspond¬ 
ing variation in the actual size of the opening which ma V 
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further attempt to achieve additional separation of the valvular tissue at this 
commissure is almost certain to be attended by a disproportionate increment 
oi increase m the amount of incompetence. Then the regurgitant stream be¬ 
comes ess jet-like” and more diffuse, involving a greater portion of the 
ta le apeituie. It is felt, therefore, that the first recognition of a digitally 
detectable jet of created regurgitation, occurring at the valve extremity 
which is being opened, constitutes a contraindication to any further manipula¬ 
tion of this portion of the valve. Its creation probably has been due either 
to a relatively small deviation of the commissural cleavage from the true 




o. 

Fig. IT.—Application of tiivulsive pressuie to one of the valve commissures by the 
right-sided method. 

A, Pressure is applied by the finger tip against the fused tissue just beyond the actual 
valve extremity, being directed toward the ventricle. 

B As the pressure is increased, the finger tip slips toward the apex of the valve slit 
and through its orifice, tending powerfully to separate or disrupt the valve tissue along the 
line of fusion (paper-knife effect). 

O, Valve separation extended to annular ring. The lines of splitting begin horizontally, 
but then turn upward at either valve extremity. 


anatomic line of rheumatic cusp fusion, or to an extension of the splitting of 
the valve components beyond the limits of adequate chordal support. How¬ 
ever, the appearance of a minor degree of regurgitation at one extremity of 
the valve should not deter the operator from attempting to separate the oppo¬ 
site commissure. On the other hand, should a major or even a moderate 
amount of incompetence be created during the surgical mobilization of one 
commissure, no attempt should be made to open the other one. Such an 
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Haiken and Black" 0 hare “nolentlj condemned” tlie use of the guillotine 
inhulotome as “indelicate and clumsy,” and haie lecommended instead then 
“biead knife ” While oui cxpuience uith the lattei instrument admittedly 
is limited, theie is unquestionablj a senons lisle of dmding the suppoitmg 
choidae to one of the leaflets ivhen the end of such an instillment is passed 
well beloiv the \al\c lei el, as is neeessaij mth anj lalvulotome 11 Inch is used 
in a sailing mnnnei (Big 19, A and B) On the othei hand, the tapeung piobe 
like undcnaii of the modem guillotine facilitates its close application to the 
leaflet substance mtliout dauget to the elioidae (Fig 20) Houeici the 



Fig 20—In contrast the \ery narrow pointo 1 umleiblade of the mo lern guillotine knife 
permits its accurate application immediately gainst tlie undersurface of the commissural 
tissue e\en when there is shortening of the joke of chordopapillarj suspension or oblique 
chordal suspension 


question is not vhethei a suigical instillment has been adapted flora the 
French 3?etolution 01 meiclj boitoned fiom tlie kitchen, oui point is that 
many diffeient types of lalvulotome may be found efficient and safe in the 
hands of those v ho have become skilled in then use 

TECHMQUE OF Il'.STRU’MFNTlL, CotnilSSUROTOMl WHEN USIX T G THE GUILLO 
tinf Knhes— The guillotine maj be passed tluough the tal\e opening and 
biought against the ape\ of the appiopnate commissme m the closed state 
If this technique is used, it is then adianced sufficient]} to extend slightly 
belou the lcntnculai aspect of the tahe substance, and is piessed against 
the comnussuie m the line of leaflet fusion The jaus ot the instillment aie 
opened hj letractmg the sliding blade, tlieiebj peimn, ; lover ’ le 
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Unfortunately, extreme fibrosis or calcification of the leaflets may render their 
motion sluggish, so that the restored functional adequacy of the valve may 
not be proportional to the anatomic extent of leaflet separation. 

M hen it is impossible to mobilize one or both extremities of the valve 
fully by blunt digital pressure, instrumental division of the fused commissural 
substance, or at least of the dense marginal tissue, is necessary. While 
valvulotomes of various types might well be effective, we nearly always have 
used somewhat elongated versions of our original right and left guillotine 



B. 


Fis. 19.—U, Danger of inadvertent division of the chordae supporting the septal leaflet 
when the "bread knife" is used to divide a valve commissure. Tins is an inherent risk 
associated with the use of anv valvulotome so designed that it must be extended deeply below 
the valve margin, especially when a sawing type of motion is required. This danger is 
greatest when the papillary muscle has become adherent laterally to the ventricular wall so 
that the chordae to the septal leaflet run obliquely across (below) the valve orifice. B, 
Insert showing flail-leaflet so produced. 


knives. These have been modified as suggested by Nichols’ - so that they may 
be used also to divide an extensive cross-fusion of the subvalvular supporting 
tissue (Fig. IS, A, B, C, D).* They are inserted individually, in the closed 
state, into the left atrial chamber by passing them along the palmar surface 
of the bare left index finger as it extends into the cardiac chamber, while the 
anterior lip of the dissected interatrial groove is held up by tissue forceps to 
facilitate the passage. These instruments are so streamlined that they fit the 
finger smoothly without incurring a significant blood loss. 


•Obtainable from George P. Pilling & Son Co., Philadelphia, Pa. 
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While the authois licqUently liiive used this method ot application of the 
guillotine, they usually have peoteried, aftei intioducing the closed instill¬ 
ment into the left atiial lumen, to open its jaws ioi a distance of appioxi- 
matcly 1 cm befoie passing the beaked undeijaw thiough the val\e orifice 
and beneath the commissuie (Fig 22) Again, it is stiessed that extieme care 
must he taken to eiisuic that it has been placed between the two paiallel 





a 



Fig:. 23— A, The proper line of direction of instrumental di\ision of the \al\e will at 
first lie nearly in the horizontal plane especially at the posteromedial commissure 

E, Closure of the instrument by ad\ancement of the sliding Unde shears through 4 mm 
of scarred tissue The closed head of the \aI\uIotome then is withdrawn from the \al\e 
passage completely into the atrial chamber 

C, An attempt at extension of the separation by digital pressure now may pro\e effective 
since the continuity of the heavily scarred mtugtnal tissue has been interrupted 

B. If this occurs the line of subsequent splitting usually will curve upward before 
reaching the annulus fibrosus 


columns of supporting choidae and in line with them. It must lie above any 
cioss-fused choidae. The plane of the instiumont’s fust cut will be neatly 
hoiizontal in the majoiity of patients 

The opetatm’s light thumb foices the sliding blade borne, the iiyjg^ and 
middle fuigois of that hand pioviding countcipicssuie 'lei- 
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to slide beneath the fused commissural tissue. Digital palpation of the under¬ 
surface of the valve now establishes that the underjaw of the instrument has- 
been placed accurately in line wilh and between the two parallel rows of 
supporting chordae and above any area of possible chordal fusion (Fi ,r 21 A 
B, C). ' ' ' 



A. It. o 

Fig. 21.—Application of the guillotine knife to a fused valve commissure by the closed 
method. 

A, The appropriate right or loft instrument Is inserted nlon/r the pa hear surface ot the 
(ntracardlac anger and Is advanced In the dosed state down to and through the valve oritlcc. 
It Is pressed firmly against the apex of the commissure and in line with it. 

It, As the sliding blade Is retracted, the pointed undorjaw slides under the commissure. 
The finger tip determines Unit It lies accurately between the two parallel rows of supporting 
chordae. 

O', The sliding blade ts driven home by the thumb of the right band, shearing through 
4 mm. of scarred marginal valve tissue. 



Fig. 22,—Open technique of engagement of the guillotine Unite against the valve com¬ 
missure. While the instrument is introduced into the heart in the closed 
arc separated before introduction through the valve orifice. J:5y slight a ^bUhjtjon, tn, p - 
underblade of the opened instrument may be Inserted readily through e v on t h e _ most d 1 ml nut • 
orifice and engaged under the flbroseil commissure. Again care is taken that It comes 10 nc 1 
line with and between the two parallel rows of supporting chordae. 
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This may be indicated by palpation of a linear elevation or depression upon 
the atrial surface of the valve as mentioned previously. This marks the line 
of fibrous juncture of the cusps. Although the two columns of supporting 
chordae can be felt below the valve, their complete distribution to the leaflets 
may be difficult to make out until the valve mobilization has been completed. 
It is felt that, as with the right commissure, the first incision of the fused 



Fig. 24—A, Linear fibrous elevation upon the atrial aspect of the valve which represents 
the line of leaflet adherence may guide the placement of the valvulotome. 

B. Recognition by palpation of the two rows of supporting chordae below the valve 
similarly may orient the surgeon in his placement of the valvulotome 

If there is no linear elevation upon the atrial aspect of the valve, and if there is 
only ^ single massive pillarlike flbromuscular support below the valve, the pointed underblnde 
of the instrument simply may be driven deeply into the middle of tills pillar in a horizontal 
direction 

D, Then, closure of the guillotine will start the proper division of both the valve and 
its support. 


anterolateral commissure should he made in a horizontal direction unless a 
prominent radiating linear elevation or the curve of the valve slit during 
ventricular systole clearly delineates an immediate upward deflection of the 
natural line of leaflet separation. A second cut, when necessary, begins at 
the apex of the first and may lie permitted to deviate 1 i 
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surface of the curved portion of the handle of the fixed blade (Fig. 23, A). 
The upper blade of the instrument crosses the lower, shearing through 4 mm. 
of scarred or calcified tissue. With the jaws closed, the lower end of the 
knife is withdrawn into the atrium and the heart is allowed time to recover 
fi om any disturbance incident to the manipulation. We frequently prefer 
to remove the instrument completely from the heart at this time. However, 
this will necessitate reinsertion if further cutting should be required. As 
soon as the anesthetist reports that the level of the blood pressure and the 
strength of the pulse have been maintained at (or restored to) reasonable 
levels, the finger tip is advanced to examine the valve with respect to the 
extent of commissural division and especially to detect any insufficiency 
which may have been created. Should a new regurgitant jet be found, it 
nearly always will be minimal, but its very existence should suffice to con¬ 
traindicate any further manipulation or instrumentation of this portion of 
the valve mechanism. 

Usually, no regurgitation will have been produced, and a further effort 
at digital splitting of the valve may prove effective now that the continuity 
of the tough margin of the value orifice has been interrupted (Fig. 23, B, C). 
If a new attempt at digital splitting fails, further instrumentation is indicated 
until the valve opening extends to the annulus fibrosus, or until the first 
sign of beginning insufficiency is noted. Should digital pressure become 
effective at any time (tested by tentative pressure after each episode of in¬ 
strumentation), it promptly should be substituted for the use of the valvulo¬ 
tome. The line of valve splitting will then normally curve upward (Fig. 23, X>). 

The Posteromedial Commissure.— Not only will the operator find that the 
posteromedial commissure may be opened readily by the right-sided approach, 
but it also will be evident that it more appropriately might be designated as the 
“right” commissure since at this extremity the diminutive valve slit is di¬ 
rected nearly horizontally (then slightly upward) and toward the right. 
Frequently, the exact line of inflammatory valve fusion will be indicated by a 
palpable linear elevation or depression upon the atrial surface of the valve 
which runs from the commissures toward the annulus fibrosus (Fig. 24, A). 
An even more reliable and constant guide to the line of an obliterated com¬ 
missure is provided by the two parallel rows of chordae which individually 
support this extremity of each of the respective leaflets. In those relatively 
few valves in which the subvalvular supports have become agglomerated into 
massive pillars of fibromuseular tissue (Fig. 24, B, C, D) and where the 
pathologic abnormalities of the atrial surface of the valve obliterate the 
usual landmarks, experience alone can guide the surgeon in selecting the 
proper line of division. It is well to remember that the proper line foi 
beginning separation of the right commissure runs essentially in the horizontal 
plane when the patient lies in the supine position (as stated previously). 

The Anterolateral Commissure.— -It is slightly more difficult to place the 
anterolateral commissural separation anatomically since the line of fusion 
(leaflet closure) usually starts horizontally, but soon curves sharply upwaid. 
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nctmal cuiac o£ a ahe appiOMination Aftei diAision of the tough tree \ahe 
mnigm cut etolctu ally, fuithei separation of the tissues often maj be accom 
phshed 1>3 digital picssme alone This blunt splitting tends to follon the 
natuial anatomic lint of \aht fusion (Fig 25 XV) 

ruithci lnstiununtation of this exticmitj of the a nice should be con 
tinned until digital splitting becomes possible until a iulh adequate a ahe 
opening is acluoAid until the line of leaflet sepal ition inches the annulus 
filnosus oi until the fust sign ol ucatcd leguigitation at this pole of the 


Antero- lateral 
CommlssvTC 



c 



Fik -5 Cont d —C \\cnfre JJne of curvature which the instrument illst nnj follow with 
ic'ison'iblc eonfi lence in the absence of any more leflnite guide 

D Vpplicatlon of open guillotine against tic ajex of the picsious cut for a sr'con 1 one 
The first section mas ha\e been made horizontally The subsequent ones should be caused 
to dewate somewhat In an upwarl cui\e 


oiificc inteidiets fuithei effoits In genual, oui attempt should be to c\tcnd 
the leaflet mobilization at both c\ti entities fully and n at mall} to the annulus 
filnosus (eleailj detectable to palpation), but iicaci be}ond this limit 

Table XI indicates the a auctions in technique of eommissmal sepal ation 
Ailucli A\eie used in imi senes It is undeistood that in raanj of the Aches tin 
mobilization aics begun nistuumntalh, as mduated, md then Avas completed 
hj digital picssme (not mduated m the table) 
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Table XT. Digital or Instrumental Opening of Commissures in 200 Mitral 
Commissurotomies From the Bight Side 


NUMBER OP 
CASES 


Botli commissures opened digitally 28 

Anterior commissure opened instrumentally, .and posterior digitally 26 

Posterior commissure opened instrumentally, and anterior digitally 25 

Both commissures opened instrumentally 116 

Anterior commissure opened digitally, posterior not separated 2 

Anterior commissure opened instrumentally, posterior not separated 1 

Posterior commissure opened digitally, anterior not opened 1 

Posterior commissure opened instrumentally, anterior not opened 1 

~~ goo 


Subvalvular Stenosis. —The chordae supporting the respective leaflets 
were found, to lie mutually cross-fused in such a way as to reinforce seriously 
the inflammatory union of the two thickened leaflets in 29 of our first 200 
patients with stenotic mitral valves operated on from the right side (Table 
XII). In some individuals, one or both of the papillary muscles were found 
to be attached directly to the valve apex (see Fig. 5, C). In either instance, 
after recognition of the condition, the first effort was a cautious but deter¬ 
mined effort to separate the leaflets themselves. After the leaflets had been 
mobilized anatomically an attempt was made by direct downward (toward 
the apex) pressnre of the tip of the bare index finger to separate any re¬ 
maining fused chordopapillary structures (Fig. 26, A). 



Fig. 2G.—Belief of sub v aivular obstruefion.^ accomplTshTd d inadvertently 

during mmal SSaUo'n' od the S valve P ‘commissure, perhaps even without recognition of 


the condition. 

B, A beginning split of a fused papillary 
of the commissures. 


mass may 


be produced during 


the 


separation 


This program is especially effective against lightly cross-adherent chordae. 
If the leaflet separation inadvertently (as is usual) has established a beginning 
division or laceration of the “top” of a complex papillary fusion mass, it may 
be possible easily to extend this beginning longitudinal splitting of the 
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Pis 27.—Occasionally only an eccentric passageway can be established through a 
badly distorted vahe. Howc\er. if the o\er-all size is adequate, the clinical result usually 
Is good (Bailey: Surgery of the Heart, courtesy Lea S. Febiger, p 587 ) 



chordae which support the septal leaflet 

B, Should splitting of such a papillary muscle pro\e necessary, great care must be 
taken to so direct the line of created separation anatomically lest one side of the split 
muscle may become entirely detached with ensuing loss of vahular support and consequent 
se\ere regurgitation 

C, In no instance should any such obliquely or transversely directed chordae be sectioned 
lest a flail vahe be produced. 




nanillarv must-I- mass singly by end-mt pressure tie finger tip <Fi*. 2 d. 
B. C . *3n more resistant east^ XIehoIs~ teemnque of insmnnentally siamne 
‘iV^paratl-oi of tie muscle mass may be necessary as it teas in 6 of our first 
orw patents Table XII: Fis. 26. D. E . In some Individuals, a subvalvular 
fusion mass mav nrove Inseparable at one valve extremity, vfmle no subvalvu¬ 
lar obstruction'may exist at tie opposite one. or may readily fee overcome. 
Saen resulting et-emrrrle ><r diagonal entrance passage* p^oba j _amp^r - e 
atrioventricular blood fiovr to some extent, mu In our v-vpew-nce i e clinic- 


end result ususliv bas b 


■j.-u entlrdv satisiaetory iFlg. 2 <}. 
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of the gioovc upon the completion of the dissection. After this fust sutuio 
has been inn the length of the cardiac wound, it is tied to the shoit end of the 
similar stitch which has been placed at the opposite extiemity. The needle- 
beating end of this lattei siitme is used to icinfoicc the placed niattiess layei 
in an o\ cr-and-over 1 mining fashion Its lead end, in turn, is tied to the 
short end of the fust (Fig. 30, A, B) As the lips of dissection aie nppioumatcd, 
the tourniquet tension upon the purse stiing is lcleascd to avoid pitckeiing 



Fig 30—Closure of the ciitliac wound 

A, Tjmg down the deep n>lon mattress suture e\erts the lips of the left atrial incision 
D, One of the staj sutures at the lower extremity of the dissection is used to place 
a continuous mattress suture line which approximates the two lips of the cardiac wound 
The leading end of this suture is tied to the short end of the opposite one 

C, The long (needle-bearing) end of this second stay suture is then used to place a 
iow of continuous running stitches just superficial to the mattress layer. It In turn, is 
tied to the short end of the first sta> suture The purse string is removed completely, if 
possible 



478 


BAILEY AND MORSE 


J. Thoracic Surg. 
April, 1957 


Normally, both papillary muscles arise from and are attached to the 
mural (lateral) wall of the left ventricle, fairly well down toward the cardiac 
apex. In some of these rheumatic patients, a variable amount of lateral 
adherence between these muscles and the endocardial surface of the lateral 
wall of the ventricle will have taken place, so that the muscles appear to have a 
higher (toward the atrium) attachment and to be directed more obliquely 
with respect to the atrioventricular channel than is normal. This morbid 
anatomic possibility must be taken into consideration when attempting to 
split digitally or to divide instrumentsIly such a muscle mass in its longitu¬ 
dinal axis (Fig. 28, A, B). 

Furthermore, it is essential to realize that when one or both papillary 
muscles are directed thus obliquely toward the valve orifice, the corresponding 
chordae which attach to the septal leaflet will be hound to “ran across” the 
valve passageway. Since they support this leaflet, they must not be divided 
lest severe regurgitation be created (Fig. 28, C). In these cases, any long 
cutting type of instrument (such as the “bread knife”) which must be 
passed deeply below the valve level may be dangerous (see Fig. 19). 

Closure op the Dissected Interatrial Groove.— After the definitive 
valvular surgery has been completed either to the surgeon’s complete satis¬ 
faction or at the level of the best compromise possible under the existing cir¬ 
cumstances, the intracarcliac operating finger is withdrawn cautiously as the 
purse-string suture is tightened progressively. If there is any persistent 
bleeding, the two lips of the dissected interatrial groove may be approximated 
temporarily for hemostasis with a pair of Nelson tissue forceps (Fig. 29). 



-r,j~ o<)_Method of control of bleeding' between the lips of the dissected interatrial 

groove^ TWs siniple measure may 1 prove lifesaving should the purse-stnng suture become 
divided. 


This simple measure may prove lifesaving in the event of inadvertent section 
of the encircling hemostatic purse-string suture. The ends of the pie'\iousl 5 
placed nylon mattress suture now are tied down, bringing about eversion of the 
lips of the left atrial incision and assuring accurate endocardial apposition 
within the atrial chamber. 

The two lips of the dissected groove are reapproximated with a con¬ 
tinuous horizontal everting mattress suture, using one of the No. 3-0 cotton 
stay sutures with swedged-on curved needles which were placed at each end 
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The ovei-all opeiative mentality in the entile 200 patients (Table XIV) 
with all concomitantly performed pioceduies was 11 per cent (22). One was 
an additional late death in a patient in whom aoitie eommissui otomy was 
peifoimed simultaneously, due to the late development (six months) of sub¬ 
acute bacterial endocarditis. 


Tahif, XIV Mortality (Eaiiv ask Latl) is 200 Orrr ytions ioi. I SOI AT! D ami Com 
piacatth Miti aij Sttnosis Using un Right Smut Approach 



NUM1HF Ot 
CASFS 

NUMBrR Ot 
l»F \THS 

Complicated Mitral Stenosis 

Aortic commissurotomy 

2S 

4 

Aortic annulus constriction for insufficient^ 


1 

Tricuspid commissurotomy (175 explored) 

For major stenosis 

10 

5 

Tor minor commissural fusion 

n 

- 

Tricuspid annulus plication for insuffit ienc\ 

2 

1 

Atno septo pe\y (for congenital defect) 


- 

A trio septo pc\y ruth suigical transposition of anomalous pul 
monnrv veins 

1 

- 

Right middle lobe resection for arterioienous fi stui i 

1 

- 

Mitral commissurotomy in the piesenco of se\eic nntial m 
sufficiency (not treated at this same operation) 

2 

- 

Isolated Mitral Stenosis 

Mitral commissurotomy' for pure or piedominant mitral stenosis 
and insufficiency’, not excluding' minor mitral insufficiency 
or tricuspid insufficiency' 

130 

11 

Total 

200 

Ol 


Thieo of the 4 patients in whom dcfinitiic tiivnlvulat suigciy ivns canied 
out died. In each, the death was attributed chiefly to the extiemely poor 
condition of the individual. 

TAMA- rOLLOW-UP OX SURVIVING PATIENTS 

The eaiiy postoperative lesults in this group of cases have boon uni¬ 
formly excellent, although it must be remember crl that the longest period 
since operation is sixteen months A peisonnl checkup or a physician’s le- 
poit has been obtained in each patient within tire past two months. A pre¬ 
liminary survey of 120 patients surviving operation foi mitral stenosis puie 
or piedominant (with insignificant mitral insufficiency) through the light- 
sided appioacli lcvealed only one late death due to massive pulmonary embo¬ 
lism (Patient, S S.). Otto other ease has been unimproved following surgery 
(Patient, M F ). This we feel is related to rupture of elroidae tendineae and 
the production of mitral insufficiency during an attempt to palpate the aoitie 
valve hy way of the mitial orifice. 

Diaplnagmalic paialyxis on the right side, appaiently due to ill,liny to 
the phrenic ncive, has handicapped another patient in attaining a complete 
recoveiy (Patient, H. S ). Seven patients have experienced one or moie 
episodes of indctciinitiate malaise, usually appearing font necks to eight 
months postoperatively and associated with fever and chest pain, sometimes 
with detectable pleuial effusion. Conseivativc treatment uitli acetyl— 1 ' -1' ~ 
acid (aspirin) or adrenal coiticoid substance f ' ' \Jias 
most instances Thoracentesis has been nccessa 
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of the inner surface of the left atrial wall. We prefer to remove the purse- 
siring suture completely, but should bleeding recur when the purse string is 
released tentatively, it may be tied or additional sutures may be placed. 

Tricuspid Exploration.— Tricuspid exploration by passage of the left 
index finger through an incision made in the right auricular appendage is 
carried out routinely following the mitral commissurotomy. This order of in¬ 
tervention enables the surgeon to he reassured by a second check from another 
chamber that an atrial septal defect has not been overlooked or created in¬ 
advertently during the dissection of the interatrial septum, and permits an 
immediate repair by the technique of atrio-septo-pexy 41 should one be found. 

Completion op the Operation.— Any necessary tricuspid or aortic surgery 
for a concomitant lesion having been completed, the pericardium is closed 
partially with interrupted sutures. This repair must he sufficiently complete 
to prevent cardiac herniation, but loose enough to permit free drainage of 
blood and exudate into the pleural cavity. The chest wall is repaired in 
layers after careful attention has been given to hemostasis. The pleural 
cavity is drained through a stab wound made in the right seventh intercostal 
space in the posterior axillary line by a No. 26 Fr. urethral catheter with 
additional windows out into it. It is connected to a simple waterseal drainage 
system. 

OPERATIVE -MORTALITY 

Among the first 130 patients (Table XIII) who were operated on by the 
right-sided approach essentially for isolated mitral stenosis (with or without 
associated insignificant mitral insufficiency), there were ten hospital deaths 
(8 per cent). This was almost identical to that experienced with our first 
1,200 patients who were operated on from the left side. The clinical im¬ 
pression of our medical associates has been that an appreciably greater per¬ 
centage of far-advanced cases has been included in the right-sided group. 
Eight of these deaths occurred among the first 70 operations while we were 
relatively inexperienced in the technical aspects of this then new and unusual 
approach. There have been only two deaths among the last 60 patients. 
There lias been only one late death in this series (Patient S. S.); this was due 
to massive pulmonary embolization in an asthenic, elderly (58-year-old) pa¬ 
tient with extremely advanced renal disease. 


Table XIII. Causes of Operative and Late Death in 11 Mitral Cases Operated on From 
the Bight Side in 130 Cases of Predominant Mitral Stenosis Without Significant 
Regurgitation, Tricuspid, or Aortic Disease 


HOSPITAL DEATHS 

number 

OF CASES 

Mitral insufficiency created or increased 

5 

Systemic arterial embolism 


Operative (calcific) 


Postoperative (thrombotic) 


Massive hemorrhage 


Technical accident (purse string tore out) 

J. 

1111111101111 (unstable circulation—hypotension) 

1 

Total 

10 ( 8 %) 

Late pulmonary embolization 

J 
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Tabte XV 


Murmips Audiblf 3 Months PosTori r\ti\el\ in 72 C\sfs of Put dominant 
Mitf a!j Stjnosis Oifi mo on From Tin Right Side 


NUMWR 01 
CASf S 


Picsont 


Present 


Ihavtolu 



None 

T - 2G 3 

13 

00 

11 - 3 i 

III - 0 

IV - 0 J 

Sysloltc 

20 

40 

None 

1 - 13 3 

31 

43 

II - 23 1 

y 41 


nr - .3 j 

TV - o J 



Note The nbo\e Roman numerils ref«.r to the grude of Intensity of tlu n 
not to classification of the case*? 


appealance of the liuunrai and the piodnction of digitally <Ict< mitral 

leguigitation at the time of surgeiv The miumiir Mas not i i < d with 
any compiomisc in the gcneially excellent clinical ios(> >n>- 

"Whilc the postopciative peiiod in many of these i-> \eiy shoit, 

a diamatic clinical inipiosement has been ctidcnccd } in the gicat 

maioiity One bundled and four of the ill attendu sicimis contacted 
have been most enthusiastic in thcii icports The n iity of the patients 
hate letmned to gioatlv ineteased actnitv and man u full-time uoik 


SUJIM \R\ 

As a lesult of the lare necessity for the putounmicc of right thoracic 
exploiatiou in patients with seieie initial stenosis, a simple and satisfactory 
method has been detised for digital and instrumental entrance mto the left 
atrium fiom the light side Ineieasing familiarity «ith and impiotement in 
the technique of peiforming mitral commissurotomy from the nght have led 
to its adoption as om routine operation foi most psticnts with this condition 
Our experience in the first 200 patients so operated upon clearly indi¬ 
cates that the right-sided approach, in contiast to the more usual left-sided 
one, neatly always permits the accomplishment of a superior type of mo Uiza- 
tion of the fused calve structures In tin's series, both commissures were 
dhided m 975 per cent of the patients At the same time it was found dis¬ 
tinctly easier to obtain dcfinitiie separation of cro^fused subialralar sup 
poiting tissues nhen present 

The right sided approach lends itself 

°us perfouaance of multhah-ular surguy m those ,>otu mated 

iheumatic disease of the aortic or tricuspid "'"^ ^n carried ont‘al a 

M " rC3t that tb *; T".o.i A ^uprising nunt'of 
outmc at the conclusion of the mitral ope , the-' - 

silent” but seure stenoses of the tricti'-P” 1 v 
then may be corrected promptly. 
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Auscultatory Changes, — Seventy-two of tlie patients who were operated 
on for mitral stenosis only were available for personal re-examination by the 
members of the cardiological staff of our Clinic, three months or more after 
their surgery. A diastolic murmur at the apex, present in all patients pre- 
operatively, could be heard in only 40 per cent (Table XV), This is in ex¬ 
treme contrast to the general experience following mitral commissurotomy 
performed from the left side in which the diastolic murmur is abolished in 
only a minority of instances. Its persistence in 40 per cent of our patients was 
felt, for the most part, to be related to turbulence of the increased blood flow 
over rough valve surfaces rather than to any residual obstruction. These 
impressions were borne out further by comparison of the pre- and postopera¬ 
tive measurement of the diastolic gradient across the mitral valve (Fig. 31, 
A, 71.). Left heart catheterization or combined left and right heart catheteriza¬ 
tion was carried out in over one half of these patients and is being reported 
elsewhere. 44 

A. 



A Note the typical abnormal elevation. of the gradient which exists during the period 
cif vpntritMilar fllline:, indicating mitral stenosis. 

B, Marked reduction in the gradient in this patient following adequate mitral com¬ 
missurotomy. 


A less reassuring finding has been the appearance of a systolic murmur 
in many patients who did not present one prior to surgery. Such^n murmur 
existed' in only 25 per cent, preoperatively, but was noted in 57 per cent, 
three months later (Table XV). There was no correlation between the 
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The high frequency of occurrence of thrombosis of the left auricular 
appendage (29 per cent in 1,200 patients operated on from the left side), and 
the associated risk of causation of arterial embolization by inadvertent dis- 
lodgment of a thrombotic fragment strongly urge the use of some other site 
of entrance than the appendage into the left atrial lumen for the performance 
of mitral commissurotomy. The other possible left-sided routes of entry (the 
pulmonary veins and the atrial wall itself 8 ’ 16 ) leave much to be desired both 
in safety to the patient and in the facility with which the necessary technical 
procedures may be carried out upon the valve. 

The frequency of re-establishment of mitral valvular obstruction, follow¬ 
ing clinically successful commissurotomy, is related both to the existing 
pathologic condition of the valve and to the adequacy of the valvular mobiliza¬ 
tion at the time of the first procedure. The better separation of the valve 
structures which can be obtained by the right-sided method would seem to 
commend its initial use in an attempt to obviate the latter etiologic entity. 
Moreover, once restenosis has become established, a secondary approach to 
the left atrium through the nearly virginal right thorax and the superior 
type of valve operation which then becomes feasible would seem to offer the 
patient the best possible chance for permanent or prolonged relief of the 
obstruction. 

There are many relatively minor advantages associated with the right¬ 
sided operation for mitral stenosis which in the aggregate or in the individual 
case may be of great importance. These include the avoidance of certain 
left-sided thoracic lesions, the possibility of simultaneously correcting certain 
right-sided ones, the prevention of severe operative pain and disability which 
may lead to limitation of shoulder and muscle function, and the superior 
cosmetic aspects of the right submammary incision. 


CONCLUSION 

After an experience comprising the performance of mitral commissur¬ 
otomy for stenosis from the left side in over 1,400 patients, and from the right 
side in over 200, it is the opinion of the authors that the latter procedure in 
most eases is, in highly trained hands, a superior one. This applies both to 
the initial technical accomplishment upon the valve, and also to the operator’s 
versatility of application with respect to many frequently encountered asso¬ 
ciated involvements and complications. In comparably severe cases, it 
appears to be an appreciably safer operation than the left-sided one which xe- 
quires a left lateral position during surgery. It has been applied repeatedly 
in individuals who were considered too ill for the older type of operation. 

The procedure requires a high degree of technical skill for its proper 
and safe performance and must not he undertaken by the tyio. 
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P ROGRESS in the treatment of patients who have eaicinoma ot the lung 
demands eaieful appiaisal ot all the fattois affecting ticatmcnt and piognosis 
The liteiatvue eoneeining smgical management oi bionchogenic caiemoma with 
dueet extension to the thoiaeie wall is limited It is hoped, tlicictoie, that this 
studs might add to the undci standing of this pioblem 

REA Irw OF LUTFR A TURF 

Coleman, in 1947, lepoited 5 cases m which pmumoncctoim oi lobeetoim 
was accompanied bj simultaneous lcsection ol the thoiaeie ny all Pmu 
moneetoim svas done in 4 ot these eases and lobcctoms in the icmainmg one One 
opeiatiAC death occurred ill his series and the patient who had undeigone the 
lobectonv) died 11 months attei operation Aecoidmg to Meade 2 oi Coleman’s 
patients aaoic still living and well 8 and 13 seals lcspectiscls, attei opeiation 
Bjoik mentioned 2 cases ot this tspe m his studs One ot the patients died on 
the thud das attei opeiation and the other suisiscd onI> 4 months attei suigical 
inteiscntion Oveiholt and Schmidt, m 1949, stated that then senes included 
b eases of this kind, none ot then patients suisiscd foi moie than 27 months 
Gibbon and associates, in 1953, repoitul a senes ol 13 eases in as Inch lesection 
ol the thoiaeie stall ssas peiioimtd, none of these patients suisiscd loi moie 
than 18 months 

MATERIAL, AND METHODS 

The fiist piieiimonectomj toi bionchogenic eaicinoma at the Maso Clime 
ssas done in Mas, 1935 The tecords ot pneumonectomies and lobectomies ioi 
bionchogenic eaicinoma irom that date to Nosenihei, 1954, sseie sealelicd m 
oidei to find the cases m which simultaneous resection of the thoiaeie stall ssas 
done Sixteen such cases svere found, thej had been encountered between 
Decembei, 1947, and October, 1954 
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Adenoca, 
grade 4 

Im olvcnient 
of brachi il 
plexus 

Died 2 inos 

15 

M 

GO 

Pam, 2 mos 

RP + RTW 

Squamous cell, 
grade 4 

•f 

Living not 
v\ell 8 mos 

1G 

M 

G6 

Pun 6 whs 

RP + R1W 

Squamous cell, 
grade 4 

+ 

Living and 
vi ell 5 mos 


•RUL = right upper lobectomj LUL. = left upper lobectomy RLL = nslit lovi er lobec 
tomy LLL =r left lower lobectomy RTW = resection of thoracic mil LP =s left pneumonec 
tomy RP = right pneumoncctomj 


Bi onclioscopic Examination —Bioneboxcopic examination was pcifonncd m 
7 cases but did not pioie to be of help m establishing a definitee diagnosis 
Some degiee of narrowing of the bionehus of the niiohed lobe was found in 
2 cases 

Examination of Sputum —Malignant cells weie found m 4 of the 11 eajes^ 
m which cytologic studies of the sputum weie done 


x. 
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In all eases, gross specimens were examined and sections were made fox- 
histologic study. The sections were stained with hematoxylin and eosin. The 
eases were classified according to the method presented in 1951 by two of us 
(McDonald and Clagett) and associates. 3 - 8 - 12 - 13 The malignancy of the tumors 
was graded histologically after the method of Broders. To determine the extent 
of carcinomatous invasion, multiple blocks were taken in each instance from the 
parietal pleui-a and from the intercostal muscle bundles. 

In this study, the term "involvement of the thoracic wall” indicates direct 
and microscopically verified extension of the tumor to the parietal pleura, with 
or without invasion of the intercostal muscle bundles and ribs. 

Frozen sections of the regional lymph nodes are examined roxxtinely at the 
clinic by the surgical pathologists. These specimens usually are discarded after 
this examination. Therefore, the presence or absence of carcinomatous involve¬ 
ment of the regional nodes is recorded in this study as noted in the original 
l-eport of the surgical pathologist. 

The clinical features of each case were reviewed and follow-up data were 
obtained. 

CLINICAL FINDINGS 

A summary of some of the data in our 16 patients is presented in the 
accompanying table (Table I). 

Age and Sex .—Thirteen of the tumors occurred in men and three in women. 
The ages of the patients when first seen at the clinic ranged from 35 to 82 years, 
'mt only one of the patients was less than 40 years of age. The average age was 
7 years. 

Symptoms and Signs .—Pain in the chest, back, shouldei-, or axilla was the 
most prominent symptom. It was the main symptom that forced the patient 
to see the physician in fourteen instances. Pain was preceded by weakness in 
two instances and by "cold and cough,” hemoptysis and osteoarthropathy each 
in one instance. The average duration of pain before the establishment of the 
definitive diagnosis was 4 months, with a range of 2 weeks to 15 months. Only 
2 of the 16 patients did not complain of pain; one of these had been feeling 
‘ ‘ all in ’ ’ for 4 months and the other had had a cough for 6 weeks. 

The findings on general physical examination usually were rather indefinite. 
Some dullness to percussion and diminution in breath sounds on the affected 
side of the thorax were present in 6 patients. Tender zones on the thoracic 
wall were found in 2 patients. Results of physical examination of the thorax 
were essentially normal in the remaining patients, who made up one half of 
the entire group. No typical examples of Pancoast’s syndrome were seen in this 
series. 

Roentgenographic Findings .—Rather sharply circumscribed shadows usually 
were found in roentgenograms of the thorax (Fig. 1, a and V). Erosion of ribs 
was detected in 4 cases. 
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Most o£ the patients recovered nicely from the operation. Iliofemoral 
thrombophlebitis developed during the postoperative period in one patient 
(Case 12) but he recovered. There were no hospital deaths but one patient 
(Case 7) died 3 weeks after operation. 

Several patients complained of an intercostal neuralgia-like pain on the 
side of the operation for several months after the surgical procedure. It is 
impossible to estimate the duration of this pain because of the short length 
of life after the operation in most instances. One patient (Case 2), who is 
living and well G'/o yeais after operation, no longer has intercostal pain; another 
patient (Case 9) who has been followed for 2% years without evidence of 
recurrence is nearly completely relieved of the pain. 



Fig. 2— a, (Case 8), Grade 4 squamous-cell carcinoma (hematoxylin and eosiri, X40) 
b, (Case 9), This tumor was a large-cell undifferentiated carcinoma that had invohed 
onlv the parietal pleura. Note intercostal muscle in right lower corner and parietal pleura 
in left upper corner (hematoxylin and cosln; X3Q). 

RADIATION THERAPY 

Three patients (Cases 5, 9, and 13) who did not have any evidence of 
metastasis received x-ray treatment immediately after their recovery from the 
surgical procedure. Three other patients (Cases 1,11, and 14) received radiation 
therapy for evident metastatic disease. All 3 of these latter patients died ot 
metastasis. 

No conclusions can he drawn regarding the efficacy of radiation therapy in **■**» 
the treatment of bronchogenic carcinoma on the basis 
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OPER YXIVE PROCEDURE AND POSTOPERATIVE MORBIDITY AND MORTALITY 

A posterolateral incision was made in eacli instance on tlie affected side of 
the thorax. The sixth rib usually was resected and the pleural cavity was 
entered through the bed of the resected rib. ’Pneumonectomy was perfoimed 
in 7 eases and lobectomy in 9. The involved part of the thoracic wall was resected 
in continuity with the tumor in 14 instances. • En bloc resection was not 
possible in 2 eases; in one (Case 2), the involved portion of the thoracic wall 
broke loose from the lung, whereas the tumor in the other (Case 14) had invaded 
the brachial plexus. In the latter ease, the tumor was shaved from the plexus 
as a palliative procedure. 



Fig i— a, (Case 8), Patient had had pain in the left side of the thorax for 15 months 
Note the large peripheral tumor in the left upper lobe 

b, (Case 9). This patient had had pain in the right scapula, shoulder, and aim for 2 
weeks Note the small turnoi in the right apex. 

The involved ribs and the intercostal muscle bundles were resected in one 
piece during resection of the thoracic wall. The resection was carried out at 
least 2 cm. beyond the edge of the macroscopic invasion by the carcinoma in all 
hut 2 cases, in which such resection was impossible because of additional involve¬ 
ment. The brachial plexus was involved in one of these instances (Case 14), 
and a vertebra was involved in the other (Case 7). The operation in both of 
these cases was considered by the surgeon to be palliative in nature 

The dead space was filled in 2 instances (Cases 6 and 11) by means of 
Ivalon sponge. Prolonged postoperative serous drainage developed in one 
patient (Case 11). This drainage, however, ceased spontaneously. No special 
measures were used in any other patients to fill the dead spaces and in no 
instance were any disturbances noted in the healing of the thoracotomy incision. 
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LENGTH or SUR\ I\ AL in TR 0P1R1TI0N 1ND ITS RrLITIONSHIP TO EXTENT OP THE 

LESION 

Follow up data weie obtained in all 1C eases Ten patients have died Tlie 
longest sunnal time m these 10 patients was 14 months (Case 4) and the short 
cst was 21 dais (Case 7) The aiciagc length of life aftei opeiation in this 
gioup was 7 months The mteieostal limselc bundles and the stiuctiues in 
them, including nones and blood \essels, weie nnaded b\ carcinoma m all 10 
of these patients Included weie those 4 patients (Cases 1, 5, 8, and 10) in 
whom eiosion of libs was noted m the pieopciatnc thoiacic loentgenogiams 
The two patients (Cases 7 and 14) in whom caicinoma was known to have been 
left sunned foi onh 21 and r i0 dais, lcspectnelj 

Pom patients (Cases 2, 9, 12, and 13) who liaic been followed foi moie 
than one leal weie still hung at the time of lmputi and had no ondence of 
lecuirence The sunnal times m these 4 patients langed fiom 13 months to 
GVs jeais (see table) As alieadj noted, 3 of these patients (Cases 2, 9, and 
13) had mioliemcnt of the panetal plcuia only The mteieostal muscle bundles 
weie nnaded hi caicinoma in Case 12 The lcgionnl nodes were not msolied 
in Cases 2 12, and 13, whcicas one hilai node was found to bo the site of 
metastasis m Case 9 

Two otliei patients (Cases 15 and 16) weie lning at the tune of inquirj 
but tlici hai e been follow cd less than a i eai 

COIIMFNT 

Manj authois, such as Jones and cowoikeis, agiee tint the 3jear and 
5ieai sniinals attei pncumoncctomi or lobectomi foi bionchogemc carcinoma 
liaie been laigeli among the patients who had pcnplicral lesions without in 
loliement ot the thoiacic wall Tones and associates liaie been peiforming 
lobectomi foi peupheial lesions that did not show nodal mvoliement and weie 
aivav fiom the fissmes Twuiti (69 pci cent) of then 29 patients who under 
went lobectomi weie hung 3 icais aftei opeiation On the otliei hand, then 
derail 3icai sinuial late was 28 pci cent 

Theiefoie, it is reasonable to belieie that peupheial bionchogemc caicinoma 
with mioliement ot the thoiacic wall mai be associated with a faiorable piog 
nosis if tlieie has been no spiead bi the limphatic sjstem oi blood lessels of 
the thoiacic wall Natuiallj, definite conclusions cannot be diaini fiom study 
of this small senes but the aiailable data appeal to suppoit this tlieoij Only 
2 patients m oui senes liaie survned moie than 2 jeais aftei opeiation, neithei 
of these patients piesented any evidence of iniasion into the mteieostal muscle 
bundles and most likely there was no peinication of the Ij'mphatic sjsteni oi the 
blood lessels of the thoiacic wall Simptomatically, this type of an eailj 
lesion was associated with malaise of 4 months’ duiation m one patient and 
with pain in the thoiacic wall of 2 weeks’ duiation in the otliei 

Extension into the mteieostal muscle bundles and miasion around the inter¬ 
costal nenes and lessels appaientlj indicate a poor piognosis Out patients 
with such adianced lesions usuallj had noted pam in the thoracic wall for 
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PATHOLOGIC FINDINGS 

The tumors in this series were all rather sharply circumscribed peripheral 
carcinomas. Their diameters ranged from 3 to 8 cm. 

In 9 of the 16 cases, the tumor was situated in the right lung; the right 
upper lobe was affected in 7 of these cases and the right lower lobe in 2. Of 
the seven tumors that occurred on the left side, four were in the left upper 
lobe and three in the left lower lobe. 

Histologically, all the tumors in this series were anaplastic lesions of a 
high grade of malignancy. Six of them were grade 4 squamous-cell carcinomas 
(Fig. 2, a), six were large-cell undifferentiated carcinomas (Fig. 2, b) and the 
remaining four were adenocarcinomas. One of the adenocarcinomas was a 
grade 3 lesion and the others were grade 4 carcinomas, one being a mucus-pro¬ 
ducing adenocarcinoma (Case 10). 

The extent of direct invasion of the parietal pleura and the intercostal 
muscle bundles by the tumors was studied carefully. The carcinomas in 13 
cases had invaded extensively into the intercostal muscle bundles surrounding 
the intercostal vessels and nerves (Fig. 3). As already mentioned, invasion of 



Fig. 3.— (Case 8), Carcinomatous invasion around the intercostal nerves (hematoxylin and 

eosin; X30). 

a vertebra also was present in one instance (Case 7) in addition to the intei- 
costal involvement, and another patient (Case 14) had the additional compli¬ 
cation of involvement of the brachial plexus. The intercostal muscle bundles 
were not involved in three instances (Cases 2, 9, and 13), the invasion includ¬ 
ing only the parietal pleura (Fig. 2,6). 

The regional lymph nodes were involved in 3 patients (Cases 8, 9, and 16), 
only one involved node was detected in Cases 8 and 9, whereas massive invasion 
of the hilar nodes was present in Case 16. 
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several months before the diagnosis was established. Roentgenographic evi¬ 
dence of erosion of ribs appeared to be an extremely grave prognostic sign. 
The disease progressed with great rapidity in the 2 patients in whom removal 
of the entire carcinoma was impossible. 

These 16 patients comprise a highly selected group. For this reason, no 
effort has been made to establish any figures for the incidence of involvement 
of the thoracic wall or for its operative treatment. It is also unjustifiable on 
the same grounds to attempt to draw any conclusions as to the dominant type of 
cell in the lesions invading the thoracic wall. The only significant finding in 
this regard was the absence of small-cell carcinomas in this group. It has been 
pointed out previously by MeBurney and associates that the small-cell car¬ 
cinoma is usually a central lesion. 

Involvement by carcinoma of the hilar nodes in only 3 of our 16 cases is 
a noticeably low incidence, in view of the fact that Carlisle and co-workers 
found nodal involvement in 43.7 per cent of their cases of squamous-cell car¬ 
cinoma. Oelisner and associates noted nodal metastasis in 60 per cent of their 
patients in whom resection was done. This incidence was 70 per cent in Rien- 
hoff’s series. The low incidence of nodal involvement in the peripheral lesions 
in our series appears to support the concept that lobectomy may be a satisfactory 
procedure in carefully selected cases. -1 - 7 


SUMMARY AND CONCLUSIONS 


A study has been made at the Mayo Clinic of 16 cases of bronchogenic car¬ 
cinoma in which involvement of the thoracic wall was present. Pneumonectomy 
was performed in seven instances and lobectomy in nine. The involved part 
of the thoracic wall was removed simultaneously in all cases. 

The most prominent symptom was pain in the thoracic Avail. No cases of 
Pancoast's syndrome Avere present in this series. 

Six of the sixteen tumors Avere grade 4 squamous-cell carcinomas, six Avere 
large-cell undifferentiated carcinomas and four Avere high-grade adenocarcinomas. 
The intercostal muscle bundles and the structures in them Avere invaded in all 
but three instances. 

FolloAv-up data Avere obtained in all cases. Ten patients have died from 
their disease. Tavo of the 6 surviving patients have lived more than 2 years 
(2% years and 6years, respectively) after operation. The carcinoma did 
not extend into the intercostal muscle bundles in either of these 2 patients. The 
third patient who had involvement of the parietal pleura only AA r as 1 icing 13 
months after operation. 

This study suggests that either pneumonectomy or lobectomy done in asso¬ 
ciation Avith resection of the thoracic Avail for bronchogenic carcinoma can be 
a curative procedure if the involvement of the thoracic Avail is limited to the 

parietal pleura. 
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Palliology .—The term, “Pancoast tumor," or “superior pulmonary sulcus 
tumor,” is no longer regarded as a clinical or pathologic entity, 2 ' *• 5 ' 13 ' 14r 19 ’ 23 

and wo no longer use it. We still use the term “Pancoast syndrome,” 20 de¬ 
scribed also by Hare (in 1S38), Donald (in 1S50), and Tobias 24 (in 1932), to 
denote the clinical manifestations of a far-advanced chest-wall involvement 


A. 



Fie. 1.—Case II. A, At time of diagnosis: extensive lesion of HUL (involving hilar 
and mediastinal nodes, and second and third ribs). 

Bj Thirty months before diagnosis: hazelnut-sized soft shadow in apex. Primary apical 
lung lesion (interpreted as recurrence of old tuberculosis). 

C, Sixteen months before diagnosis: apical shadow increased (still diagnosed as tuber¬ 
culous lesion). 



RADIATION MANAGEMENT OF APICAL LUNG TUMORS 

Lewis L. Haas, M.D., Roger A. Harvey, M.D., and Charles F. Melchor, M.D. 

Chicago, III. 


A PICAL lung tumors are separated from other lung lesions for this discus¬ 
sion because their clinical and radiotherapeutic behavior is different. 

Terminology .—Our criteria of apical tumors are: 


1. The lesion should arise from the apex. 

2. The “apex” is denoted in its topographical meaning and not as the 
anatomic apical segment. The topographical “apex” implies a peripheral 
origin and location of the lesion to which the peculiarities of apical lesion are 
due; the apical segment might also include more central, larger bronchus 
branches. 

3. The lesion should show an early tendency to peripheral invasion, to¬ 
ward the extrapulmonary tissues, because of the relatively small dimension 
and peripheral locality of the apex. 

If apical and sub apical areas are involved it may be difficult to differenti¬ 
ate which area was affected primarily. If clinical or radiologic signs of chest- 
wall involvement (pleural thickening, Horner's syndrome, shoulder-arm pains, 
rib destruction) developed relatively early, we can assume that the lesion 
arose from the apex. In late stages, however, nonapical tumors may also 
extend secondarily into the apical area and produce the same symptoms and 
signs as apical tumors. Occasionally, the classification may be clarified by 
available earlier x-ray films. Fig. 1, A shows an extensive upper lobe lesion 
which could be classified only after the patient’s chest films of previous years 
were obtained. These films (Fig. 1, B and C ) clearly localized the initial le¬ 
sion in the apex. This was interpreted for two and one-half years as recur¬ 
rent old tuberculosis as the patient had only moderate, vague complaints be¬ 
fore the correct diagnosis was made. We classify doubtful cases in the lobar 
carcinoma group, for example, the case shown in Fig. 2. A massive tumor 
shadow occupied the apex, with moderate subapical extension. However, 
dense peribronchial strands leading to the hilum, and the absence of rib 
destruction and Horner’s syndrome aroused suspicion of a central-bronchial 
origin; bronchoscopy confirmed it by showing the primary lesion close to the 
bronchial orifice. 

4. If subapical areas are also involved, these should be secondary exten¬ 
sions from the apex. 

Prom the Department of Radiology, College of Medicine, University of Illinois, Chicago, 111 
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EADlATIOX MAXAGEJIKXT OF APICAL LrXG TC3IOB8 


IVe attempted subdivision o: the disease according to its extension into 
he lolli'-.vine stngc.t. 

Stage 1- Pulmonary involvement only. 

Stage 2. Involvement oi chest-wall son tissues, ine-Inding mediastinum, 
only radiologic-ally or surgically detectable i.no Homers syndrc-me 
or bony destruction). 

Stage 3. Extension to bones: fa) ribs, and sbi vertebrae. 

Stage -1. Paravertebral extension with sympathetic r- am! involvement. 

indicated by Homers syndrome. 

Stage 5. Regional or distant metastasis. 
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in the apical region which invades the sympathetic ganglion chain in the 
paravertebral area. ^ Thereby, the lesion may arise initially from any part of 
the apical or subapical areas of the lung or of the extra pulmonary tissues, 
and its histopathology may be very diversified. 2 * 1S * 10 * 22 

In the literature, a few authentic eases 1 * 3 > r > 10 of primary epithelial tu¬ 
mors of the thoracic inlet without lung involvement are recorded. These 
tumors arose from unknown extrapulmonary tissues, but the great majority 
of those described originate from terminal lung bronchioles. 1 * 13 > 1S * 23 As far 
as we could determine in our eases by radiologic or surgical means, or on 
surgical pathologic specimens, the lung was always involved with pleural or 
peripulmonary extensions at the time of diagnosis. It is in general imprac¬ 
ticable to determine whether the pulmonary or the extrapulmonary lesion is 
primary. However, the x-ray films, the histopathology, where available, and 
the clinical course favored the assumption that all tumors in our cases arose 



Fig. 2.—Tumor mass in left apical and subapical area; dense peribronchial strands leads 
to the hflum. Classified as lobar, not as apical, peripheral lung carcinoma. Primary lesion 
was found close to the upper bronchus orifice. 

from the apieal lung parenchyma. One can assume, an early stage not yet 
involving the chest wall (see Fig. 1), as well as an intermediate stage with 
chest-wall involvement but without bony and neural invasion. This is illus¬ 
trated by Fig. 3. The available minifilm of June, 1949, was negative, but that 
of June, 1952 (Fig. 3, A), shows a density in the center of the apex, presum¬ 
ably in the lung, which was unnoticed because of rib superimposition. Diag¬ 
nosis was made only two and one-half years later, in November, 1954, also by 
a mass survey film (Fig. 3. B). The patient still had no clinical signs or symp 
toms, except for occasional vague shoulder discomfort, which was revealed 
only by direct questioning. Roentgenograms and surgical resection showec a 
pulmonary mass with involvement of posterior and mediastinal pulmonary 
walls which could not be entirely removed. The cases illustrated by tigs. 
1 and 3 indicate how long the tumor may be present before the diagnosis is 
made. 
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The itpoits ot & cases, tieated b\ comentional xtay s o\ei the past 
tweho 3 eais, vcic found m om files and details aie gnen m Table I We 
tieated 10 patients m si\ 3 ears In 22 5 million \olt bctaiion x lays , the details 
of winch aie outlined in Table II 

Tabli II Dm. OP C\sfs Ti iaiep n\ 11 5 Mf\ Betvtj on A PUS 
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It is not essential that all symptoms of the Pancoast syndrome be present 
in early stages. 9 ’ 19 ’ ~ 3 Tlie most constant and earliest indication is pahi, 
occurring early after involvement of the parietal pleura, or intercostal, or 
brachial plexus nerve branches. The Horner syndrome may appear later 
after encroachment of the sympathetic chain, but it may remain absent if 
the same lesions extends laterally and avoids the paravertebral area. "Wasting 
of the muscles of the hand, secondary to disuse or to neural involvement and 
emphasized by Pancoast, was usually a late finding in our cases. Rib destruc¬ 
tion was also absent initially in some eases. However, the absent signs may 
develop later, after the diagnosis has been made, following the extension of 
the tumor. 

MATERIAL 

Our apical tumor patients were irradiated, in part, (a) by conventional 
x-rays and, in part, (b) by high energy x-rays of the betatron. 


Table I. Data of Cases Treated by Conventional X-rays 
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Table VI shows the anatomic imohcment at the time inadiation was 
staited 


Tabil VI Anatomic Extent or Tumop at Bioinni\c oi Rmuation 




CONVENTIONAL 

BETATRON 




x r\\ TiiFrArv 

THEPAPV 

TOTAL 

•Side 

Right npe\ 

4 

7 

11 


Left apex 

4 

3 

7 

Stage 

1 





o 

1 

i 

2 


5a 

1 


3} 5 

2f ° 


3b 

1 

l 


4 

o 

o 

4 


5 

3 

4 

7 

1 xicnswn 





Pulmon vr\ i a\ ltatiou 

o 

1 

3 


Bones Ribs 

4 

8 

]2 


Vertebrae 

o 

5 

7 


Sympathetic chain 

4 

3 + 2 

7 + 2 


Supraclaviculnr protrusion 

1 

t 

3 


Engorged veins 


1 

1 


Neeh node 

3 

o 

5 


Hilar or mediastin il node 

1 

3 

4 


Distant metastasis 

- 

shin 2) 

brain 1) 

3 


The light side was moie frequently involved than the left side (11 7) 
Using om staging (p 400), no patient m Stage 1 was tieated (without ex 
tiapulmonaiy involvement) because the diagnosis was not made earliei In 
only 2 cases did lemspection of piediagnostic \ lajs suggest the occuirencc 
of apical lesion w ithout e\ti apulmonai v extension Two patients vveie treated 
who did not have bony oi sympathetic neive or metastatic involvement, but 
who had suigically venfied chest wall invasion (Stage 2) In 5 cases, bony 
destiuction was piescnt without signs of sympathetic neive oi metastatic in 
volvement (Stage 3) In 4 cases Homer’s syndiome was present without 
metastasis (Stage 4), and in 7 cases metastases were alieady found eithei 
m the legional nodes oi m distant aieas (Stage 5) 

Accoiding to anatomic stiuctuics, pleuial involvement was assumed in 
16 eases and could not be diagnosed in 2 cases, although both patients ahead} 
had metastases Destioycd ribs vveie found in 12 cases vertebral eiosion in 
7 cases The nb involvement staited frequently as a piessnie erosion, marked 
ladiologically by notching with maintenance, latei with loss of coitical layeis 
(Figs 4 and 5) Rib lesions may be demonstrated frequently better and 
earliei on oblique films (Fig 5), paitieularly m the paiaveitcbral aiea 
Actual invasion of the bone by tumoi was ptobablv a seconds.!y piocess (rig 
6, AC), but the two stages could not be classified separately Sympathetic 
chain involvement was diagnosed m 9 cases (m 7, complete Ilomei's syn 
diome, m 2, only amsocoiia) Supiaclaviculai piotiusion of the apical tumoi 
was seen m 3 cases m one ease with engoigement of the neck and chest wall 
veins (Fig 7, AD) Metastatic neck nodes were found m 5 patients, medi 
astmal or hilai nodes in 4, and distant metastasis m 3 (2 slan, 1 biam) 
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Tlie 18 cases are further summarized as follows: Table TTI shows that 
all patients were while males, except one white female (Case 18). Of 13 
patients with recorded smoking- habits, 8 were heavy smokers (over one pack- 
ag-c of cigarettes daily), 4 moderate smokers (one package or less per day); 
the one female did not smoke. 


Table III. Distribution by Age, Sex, Race, Smoking Habits 




CONVENTIONAL 
X-RAY THERAPY | 

BETATRON THERAPY 

! 

TOTAL 

Age 


4G-G6 yrs. 
(average 5G.G) 

51-67 yrs. 
(average 59.9) 

46-G7 yrs. 
(average 58.4) 

Sex 


Male 

8 

9 

17 


Female 

- 

1 

1 

Race 


White 

8 

10 

18 

Negro 

Smoking habits 


- 

- 


Heavy 

3 

5 

8 


Moderate 

2 

2 

4 


Nonsmoker 


i 

1 


Unknown 

3 

o 

5 


Table IV shows that the histopathologic distribution of the 10 cases deter¬ 
mined is similar to that of other bronchogenic cancers. 


Table IV. Histopatiiology 



I CONVENTIONAL 
X-RAY THERAPY 

1 BETATRON 

1 THERAPY ) 

| TOTAL 

Epidermoid carcinoma 

- 

2 

o 

Epidermoid carcinoma with adenocarcinoma qualities 

- 

1 

i 

Adenocarcinoma 

- 

2 

2 

Undifferentiated—poorly differentiated carcinoma 

3 

1 

4 

Simplex carcinoma 

1 

- 

1 

Undetermined type or not examined 

4 

4 

8 


Table V shows the presenting symptoms at the time of irradiation. Shoul¬ 
der, arm, and chest pains were the most frequent complaints, but weight loss, 
weakness, and cough also occurred frequently. Atrophy of the muscles of 
the hand was usually either absent, or mild when first seen, and thus not 
recorded in several histories. 


Table V. Symptoms at Beginning or Radiation 


symptom 


conventional betatron 

X-RAY THERAPY THERAPY 


Shoulder-nrm pain 
Chest pain 

Numbness in fingers or toes 

Weight loss 

Weakness, disability 

Cough 

Dyspnea 

Hemoptysis 

Hoarseness 



1 


TOTAL 

n 

o 

2 

ii 

8 

S 

8 

3 

1 
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ern«intt i ^r 5 VT' < ^ nse Local indentation of first rib with loss of cortical layer. Diffuse 

layer" ° l Ule Posterior lower margin of the second rib, with partially maintained cortical 
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T\BTF VII DtUAlION Ob S\ Ml TOMS OP Sl( N*3 BFFOrE DIAGNOSIS AND BEFOPE 
1 irsT Inr ai>i vrio\ 



COW 1 NTIONAL 
\ 1 W TIUPAIY 

1IITVTI ON TIlMtMT | 

TOTAT 


MONTHS 

AMPACb 

(months) 

MONTHS 

U FHAf l 
(MONTHS) 

MONTHS 

I \\ El \Cb 

1 (MONTHS) 

From fir^t sjmptom 
to first diagnosis 

V. 17 

70 

V. 12 

12 B 

% 32 

101 

From diagnosis to 
first irradiation 

%3 

17 

1 oi/ 

2 ° 

Vi 5>/ 

20 


i 


Fig 7—Contd C, After !*£ years supraclavicular fossa is filled up by firm fixed 
fibrotic tissue (radiation fibrosis) in the center biopsy scar Residual \enous dilatations 
visualized by infrared photography 

D, After 3 years retraction of right upper thorax by pulmonary fibrosis muscular 
atrophy of the shoulder arm and paresis of the hand due to damage of brachial plexus by 
cervical radiation fibrosis 
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Table VII shows the duration of symptoms or signs prior to diagnosis, 
and the interval from diagnosis to the first irradiation. These data show that 
the former interval in several eases was as long as one year, up to 32 months, 
in average over 10 months; that the latter interval was as much as 5i/ 2 months, 
in average 2 months. The prediagnostic delay was due in paid to faulty diag¬ 
nosis and therapy, preradiation delay referable mainly to intervening surgical 
procedures (resection, exploration). Thus, the irradiation was started in 
average 12 months after onset. 


a. 



Fig-. 7.—Case 14- bet&tTon°^ra.ai&Uml regression®of protrusion and 

¥ d e^^t e, ^epSed%SS?vJ« ! ulfr fossa. Moderate ^mentation. 


radiotherapy 

The technique and results of irradiation are considered separately for 
groups treated with conventional x-rays and with betatron x-rays. 
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is lmng and uell aftei 11 jeais The aspnntion biopsj vas leported as 
“cnicinoma, diagnosis based on minimal evidence” Histologic slides and 
pieoperatno viajs aie not aiailable toi lCMcn so wo accept the diagnosis 
uitli caution lionetci, the ehaiactcnstic dcscnption of the pulmonary and 
liiopeiable exti apulmonai j imasion fioin the exploiatoij smgical findings 
lease little doubt of the diagnosis We icgaul this case as one of the laie, 
but known euuosities mth exceptional healing tendency The othei 7 cases 
had sui ms als aftei the fust mediation of 3 to 9 months with an aierage of 
G months The aiciage simnal accmding to the stages nas 7 3 months foi 
Stages 3 and 4, and 4 months foi Stage 5 

The gut vital time aftei the first symptoms in 6 of the eases was 5 to 2& 
months, atciaging 14 months, and aftei diagnosis 5 to 12 months tilth an 
ateiage of 7 4 months 


Tame VIII DorATios or Life 
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RADI VTION 
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\\D ' 
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[AVFR 

STAGE 

QROUP 

CASFS 

VF1L 1 

CE18FD 

MONTHS | A\ FP VCE 

MONTHS 


MONTHS 

[ AC F 

2 4 

Conven 
tional 
\ raj 
treat 
ment 

5 

1 

4 

11 20 

17 7 

7 12 

93 

69 

75 

24 

Betatron 
\ ray 
treat 
ment 

6 

2 

4 

20 54 

43 6 

19 49 

33 1 

17 48 

32 4 

5 

Conien 
tional 
x raj 
treat 
ment 

3 


3 

5 17 

10 7 

4 5 5 

48 

3 5 

40 

5 

Betatron 
x raj 
treat 
ment 

4 


4 

8 20 

15 7 

6 30 

87 

3 8 

67 

Total 

Conien 
tional 
x raj 
treat 
ment 

8 

1 

(11 jrs) 

7 

5 26 

14 0 

5 12 

74 

3 9 

60 

Total Betatron 
x ray 
treat 
ment 

10 

2 8 
(11, 27 
months 
after 
treat 
ment) 

8 54 

29 7 

6 49 

210 

3 4S 

19 G 

Literature 





12 0 

(nomrra 

dinted, 

0 7, ir 
radi 
ated, 
14) 


60 


60 
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Technique .— 

1. Conventional x-rays: In the 12-year period, different techniques were 
used by different therapeutists in the S eases. One incompletely reviewed 
case is apparently cured for over II years (see later). This case was irradi¬ 
ated with 400 kv. 2.75 mm. copper half value layer, in 3 fields of 10 by 10 cm., 
50 cm. target skin distance, 9,150 v total air dose in 60 deys. A rough estima¬ 
tion of the dose to the tumor center was 5.300 r. 

Among the other 7 cases, 200 kv., 0.9 mm. copper half value layer was 
used in one case, 215 kv., 1.05 mm. copper half value layer in one; 400 lev., 
2.75 mm. copper half value layer in 3 eases, 400 kv. with grid in 2 cases. The 
calculated or retrospectively estimated tumor dose varied between 4,200 and 
7,500 r, the over-all treatment time between 30 and 129 days. 

2. Betatron therapy: Ten cases were treated with 22,500,000 volt x-rays 
of the betatron with multiportal technique, 4 to S ports being employed. After 
adequate experiences and systematic isodose curve analysis, we reduced the num¬ 
ber of fields, usually to 5. The field size varied, according to the shape and 
dimensions of the patient and to the extent of the lesion, from an 8 to 10 cm. 
square portal to a 15 cm. circle. The over-all treatment time varied between 
26 and 44 days. The shorter times were for technical reasons in our early 
experimental period but the majority were within 40 to 43 days. The total 
dose given to the center of the tumor was S,000 to 11,000 betatron r; the dose 
in the tumor as found by isodose curves varied between +4 and -8 per cent. 
We included the paravertebral area and the lateral side of the vertebrae in 
he fields as much as possible and we tried to avoid the spinal cord. How¬ 
ever, we now feel that a greater part of the vertebrae should be included, if 
paravertebral invasion can be assumed, because some residuals and recur¬ 
rences were found at autopsies in the prevcrtebral and cord areas in spite of 
tealed pulmonary and peripulmonary lesions. Moreover, the radiologic ex- 
uninations in some other cases showed progression of the vertebral lesion, 
with regression of the pulmonary lesions. We observed spinal symptoms in 2 
mses after radiation. In 4 cases, following completion of a full radiation 
course with inadequate response, or with recurring symptoms, and after some 
hesitation, we gave a second series of treatments, taking into account the risk 
of radiation damage. Our philosophy was that it would be preferable for 
the patient to die from possible late radiation damage after an additional 
1 to 2 years of useful life, than in a few short months from uncontrolled dis¬ 
ease. One of these patients had a useful survival for IS months after the sec¬ 
ond series, and died in 10 weeks of spinal symptoms (see Fig. 11). One other 
patient survived 26 months after the second series, with 24 months of useful 
life, dying of spinal and cerebral metastascs (see Fig. 12). Both had a good 
response for 12 and 4 months, respectively, after the first radiation senes. 
In the other 2 cases, in which response to the first radiation course was slight, 
or of short duration, the second series was also a failure. 

results 

A. Survival .— , 

1. Conventional x-ray treatment: As mentioned before, one case (Stage A 
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B Palliation — 

The criteria of results include not only cuiability or prolonged simnal 
time but also pnlliatne effects Important m regard to palliation are the 
ways in y\Inch radiation helps the patient lire with his disease diumg his 
remaining lric Significant accomplishments ot this type consist of a deeiease 
of suffering, a postponement and shortening of the tcimunl stage, ability to 
return to a useful famih, social, and profession il life foi any length of time 
thereby getting the benefit of doubt, and acquisition ot a hopeful psychologic 
attitude to life dming a limited life span in eases whoie prolonged life can 
not be expected to lesult 

1 Conventional r ray caw* Of the 7 deceased patients 5 r\eie failures 
shorvmg no significant change m piogicssion of the disease Two rases ini 
pioyed temporarily In one case, modeiate regiession of the eomplunts and 
of neck nodes y\as obsened, but the patient died ot complications of caichac 
and piostatic disease In the othci case with gioss yutelnal erosions tlu 
palliation was marked, all symptoms significantly impio\ed foi about 7 
months, the pul m on am cayitation which also pcneti itecl the chest will 
decieased and destroyed nbs paitialh icgeneinted (Fib s 1 IF but the 
patient died 9 months aftci the first treatment following a lapid ptcteiinitial 
dow nhill course of 4 w eeks 

2 Bctation heated caws Of the 10 cases, 2 are nine m piactualh asunp 
tomatic conditions Ot the S deceased patients, the palliation m one was msig 
mfieant, wheieas m all other 7 cases it was yen maikcd These patients became 
asymptomatic oi showed yen maikcd impiorement so that they could return 
to a useful life of 16 to 44 months m Stages 3 and 4 but onh foi 1 to 3 months 
m Stage 3 In Stage 3 life was not significantly piolonged but the lelief of 
suffcimg, e\en though temporaly, was so stiikmg th.it we would not deny 
this assistance to the patients 

Tho fiist and most frequently obsened effect was the lehcf of mcapacitat 
ing pains in shouldci, aim, and hand This effect was obsened at times .as 
caily as the second da\ of madiation, leading us at first to belies in some 
eases, foi instance, m Case 10 that it was a psychologic one, until its objec 
tivity was proved by continuity of giadual pain lelief This pain piactiealh 
subsided m 5 oi oui 6 cases, but in one case the lelief was only temporaly and 
modeiate 

The chest pain subsided somewhat latei, usually parallel to the radiologic 
i egression of the lesions and m all 5 cases wheic it yias a piesentmg sy mptoni 

The lelief of pain was probably m great pait the leason that 5 of out G 
weakened disabled patients, some biought m by y'heel chan, shortly regained 
then stiength, became self dependent, could again use their aims and could 
lesume then noimal life completely or yntli some limitations foi yanable 
intciyals accoidmg to then fiuthei course 

Cough , hemoptysis, dyspnea also subsided, if piesent, paiallcl with the 
tumor regression 

"Weight gam y\as a latliei objectiye mdicatoi of tumor regression At 
times the original weight was exceeded Recurring weight loss was usually a 
piemomton sign of leeurience, metastasis or postiadiativc t 
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2 ' Betatro ^ therapy: Of the 10 patients treated with, irradiation, 2 are 
JMng and well over 11 and 27 months, respectively, since the first irradia-, 
iion, 4o and 60 months since the first symptoms. 

The 8 deceased patients survived 3 to 48 months, with an average survival 
of 19.6 months after the first irradiation, 29.7 since the first symptoms. As 
. tlie sta Shig, the survival after the first irradiation was 17 to 48 months 
with an average of 32.4 months in Stages 3 and 4; and 3 to 8 months, averag¬ 
ing 6.7 months, in Stage 5 with regional or distant metastasis. This big dif¬ 
ference in survival corroborates the old experience that if one lymphati^ area 
is invaded, seeding is usually already present in other lymphatic pathways 
as well. 

As noted, the survival time in Stages 2 to 4 was much longer in the beta¬ 
tron treated eases, averaging 32.4 months, against 7.5 months in the conven¬ 
tional x-ray cases. In Stage 5, this difference was only moderate, 6.7 months 
versus 4 months. It seems that the survival- time does not vary appreciably 
for Stage 5 patients regardless of whether treated or untreated, or how ir¬ 
radiated. 

These data of survival are summarized in Table VIII. 

The therapeutic data of the treated patients concerning dosage, radiation 
effects, and final outcome are comprised in Tables IX and X. 


Table IN. Therapeutic Data or Cases Treated by Conventional X-rays 
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Therapeutic Data of Cases Treated by 22.5 Mev Betatron X-rays 
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e\cept foi one case with mild ladiatmn sickness and another case with mod 
eiate ladiation sickness where 1 irge fields (15 cm ) had to be used both cases 
tesponded well to Diammine 

In one case with \eitebral erosion heipes zostu de\eloped attei radia 
tion coriesponding to the madiated spinal segment 



Fig S—Case 2 4 Cawtations In apical tumor Destrojed first and second ribs 

h Buckj film. Cross erosions main!j of the third fourth and fifth thoracic \ ertebrae 
C Three months after x ra> therap> tumor dlmlniahel. ca\itation penetrate the chest 

nail 

D Eight months after Irradiation decreased ca\lti partiallj regenerate 1 ribs Pe 
t meted upper lobe 


Arore significant were effects of late damage These occuned because the 
patient li\ ed long enough foi these to occur and because of the high tumm 
and tissue dose, which was gieatei than m the usual senes of treatments on 
ceedine the “tolerance” dose especialh m patients gnen a second treatment 
coin's e 
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C. Anatomic Effects .— 

The objective therapeutic effects observed clinically or radiologicallv 
were as follows: 

1. The supraclavicular neck swelling, due to protrusion of the tumor filled 
apex, usually started to regress after a few treatments, and disappeared by 
the time irradiation was completed (see Fig. 7). 

2. Metastatic neck nodes usually also regressed. 

3. Engorged neck and chest-wall veins, present in one of our cases, rap¬ 
idly regressed (see Fig. 7). 

4. The pulmonary tumor shadow on x-ray films gradually regressed and 
was replaced slowly by fibrosis, later by homogeneous atelectatic induration 
(sec below). In 2 of our 3 autopsied cases, residual tumor was not found in 
the lung; and in the third patient, who died shortly after completing radia¬ 
tion, marked local regression was seen, with only small residual tumor nodules 
remaining in the lung. Occasionally regression of pulmonary cavitation was 
observed (Fig. 9, A-C); however, our clinical results in cases with necrotic tu¬ 
mor cavitations were not favorable. 

o. A sensitive objective sign of tumor regression was regeneration of 
destroyed bones (ribs and vertebrae) (Figs. 6, 10, A and B), starting a few 
weeks after irradiation, also shown in figures of our earlier papers. 15 ’ 52 Un¬ 
derstandably, vertebral involvement impairs the prognosis. However, it is 
remarkable that very extensive vertebral destniction also may be favorably 
influenced by radiation for longer times (Fig. 11, A-D). On the contrary, a 
progressing or newly appearing bony lesion was positive proof of progressive 
or recurrent disease (Fig. 12, D ). Partial recalcifications were observed also 
in such cases in which the tumor regressed in this area, but active lesion was 
still present in distant parts of the lung or paravertebral area. However, if 
the regeneration was complete, this occurrence was less probable. A proof 
of recurrence is also the appearance of tumor mass in the prevertebral soft 
tissues (Fig. 12, E) on lateral or oblique neck films. 

6. Regression of the Horner sign was not seen in any of our cases, in¬ 
cluding those with seemingly healed thoracic lesions, probably because 
destroyed nerve fibers did not regenerate. Appearance, or increase of Horner 
syndrome could be observed occasionally during the progression of the disease. 

Radiation reactions and damages: Some patients had to pay a price for 
the clinical relief obtained in the form of radiation damage. 

Direct radiation reactions were insignificant. The shin reaction never ex¬ 
ceeded the stage of hyperemia, followed by slight, pigmentation or slight scal¬ 
ing which was marked only in eases of short over-all treatment time. In the 
other eases it was mild. 

Direct reactions of subcutaneous tissue were not observed. Complaints 
related to acute lung or bronchial reactions were not seen. In cases where the 
mediastinum had to be included in the radiation fields, hoarseness of short 
duration occurred in one case by tracheal reaction, and mild dysphagia due 
to esophageal mucositis in 2 cases. Systemic reactions were insignificant, 
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Fig 10 —Case 11 A, Advanced lung legion Petroled second and 'h^d ribs 


C, Moderate esophageal narrowing in 


the irradiated area causing Intermittent djsphagia. 
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Fig. 9 .—Case 1G. A, Cavitation in right apex. Medially air-bleb. Diagnosed previously 
as tuberculosis. Rib lesions shown in Fig. 5. 

B, Two months later, before irradiation: cavity enlarged, progression of rib destruc¬ 
tions (not shown). 

O, Six months after irradiation: cavity disappeared. Probably radiation lung fibrosis. 
Largely recalcifled ribs. Recent bony involvement of Tj. 
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Late skin damage consisting ot' marked atiophy or telangiectasia was not 
seen In some cases the skin was fixed to the indurated subcutaneous tissues. 

Damage of greater clinical significance occurred in the subcutaneous tis¬ 
sues of the supraclavicular area After tumor regression, this fossa was usu¬ 
ally rather shrunken, with atrophic muscles due to dtsuse and to radiation 


D 



E 

F,ir r2 —Cont’d D, Clinicat relap«c osteolslic lesion in T, pedicle area 
E, Mass In pre\ertebral tissues at tlie same le%el (pro\erl by autopsy) 

fibrosis After approximately 1 % to 2 years, the fossa filled up^gradually 
by formation of immobile woody-firm scar tissue, fixed to the s>m • _ 

periosteum, ghing the appearance ot a frorerr infiltration (see 
Biopsies and autopsies showed that this consisted onlj of Abiotic 



10 


HAAS, JJARVEY, AND MELOHOR 


J, Thoracic Surr 
April. 19S7 



„ B . 12.—Case Tnlrapulmonal y — .tth .*">»« to — 

- _ _ < u rillAlUn \ 


II, Recurrence after two HUrixerles ^ r0f! ^ n Ab^i^nfraetlon oTfmullaterl Junfr. No 
O, After two acrlea of betatron irradiation, fibroma, 
rnce of bony involvement. 
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is mdioicsistant, that radiation ofteis no benefit at all 01 only lately a veiy 
slight slioit-lived relief and diminution of toinoi shadow * 6 10 1E 1 In 
some cases, the sjmptoms weie lather aggiavated 6 10 Only on a few cases 
was a palliation of seveial months dcsciibed, 6 14 *■ without significant pio 
longfttion of life Houcvci, Esclibnch and rinsteibusch 0 compiled 71 cases 
fiom the liteiatuie and 15 cases of then own, and found that, in 37 nonmadi 
ated cases, the aveiage survival fiom onset was 9 7 months, in 43 liradiated 
cases, 14 months From 40 n indiated eases 25 had no effects In 15 eases 
impiovement was obscived, lepiesented m all by pain lehef, in G by lm 
pioved geneial condition, in 4 by deciease of the tiimoi, and m 2 bv recaleift 
cation of dostlo.ced libs Then data aie complicated In mclusion of seveial 
cases of nonapieal lung tnmois, penetiatmg the chest wall In lecent yeais 
oui institution has published lepoits of cases” of good ladution effects 
with iegcneiation of destioyed nbs, and leccntlv Quick and Richmond”' also 
desenbed one case with lecaleified nbs 

The companson of the data piesentcd in om papei with the litnituie 
shows that the suivival time of om cases ticatcd In conventional \ lavs eon 
foims to those cited in the liteiatuie, except foi one landom case cmeil tin 

11 a ears Of the betatron ticatcd eases, 2 aie hung and well toi 43 a 1 60 
months aftei the onset, the deceased patients sunned the onset In an nei 
age of 29 7 months, m Stages 2 to 4 In an aveiage of 43 G months (Utei ituu 

12 months) Then aierage sunnal aftei the fiist lriadntiin was 19 0 
months, in Stages 2 to 4, 32 4 months (literatuie G months” l In Stage 5 
with metastases, the sunnal was not piolonged significant! howu er n good 
palliation was achieved m all but one case Thus ladiation lcsuits legaiiling 
sunnal and palliation aie fat bettci in om betation gioup thin in om eon 
ientional \ rav cases, or than in those described m the liteiatuie We do not 
believe that the biologic effect of the high eneigy ladiation on the tumoi is 
qualitatively different The bettci betation icsults should be ittnbutid 
rathei (1) to the highei tumoi dose, (2) to the moie homogeneous dose distil 
button m the tumoi, and (3) to the moie accunte and eneful tieatment plan 
nmg and positioning We believe that if the same cue weie exeited in tieat 
incnt planning and technique with conventional \ lav thuapv, this also could 
achieve some degiee of results 

As seen the lnstopitliologv of the apical tumois is is diveisificd as the 
otlici bionchogeiiH cancels and they do not foim l sepaiate pathologic tntitv 

The icsponse to ladiation in Stage 5 is sinnlai to othei lung catemomas 
but is much better m the eailiei stages of the apical tumois This can be e\ 
plained by a combination of seveial factois, related to the ponpheial Iooshza^ 
tion and smaller volume of the apes Tnst the lesion leaches the pleuta and 
chest wall easiei and elicits pain earliei,witli a consequently eailiei diagnosis 
Second, the tumoi extends penpheially with gieatei ease, the cmtial lym 
phatics aie involved latei, and the mediastinal nodes less ficqucntlv thou 
foie, local radiation can be more successful Finallv, the madiatcd lung vol 
umo is moie limited, thus the beams can av oid v it'll modi istnnl oigans ns w ell 
as the opposite lung Thus, ladiation is bettei tolciatcd than m othei local 
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This tissue sometimes later surrounded and compressed the brachial vessels 
and nerve plexus, causing first coolness and other circulatory disturbances in 
tho arm (see Fig. 1,1)), followed by paresthesias and paresis in the fingers, 
and limitations in shoulder movement. The discomfort was accompanied by 
varying degrees of aches usually controlled by vai*ying doses of Empirin. 
Due to the clumsy use of his arm, one of our patients fractured his upper arm 
twice in rapid sequence through falls. Disturbed arm function occurred in 
3 patients but, in one of these, autopsy disclosed a spinal metastasis as additional 
cause of! the ulnar paralysis. Occasionally narrowing of the prevertebral soft 
tissues by radiation fibrosis was observed on lateral neck films. 

The radiation damage next in importance was that of the esophageal wall, 
until late radiation mucositis and moderate narrowing causing dysphagia. We 
observed this in 2 eases. The narrowing, confirmed by x-ray examination and 
by endoscopy, was not significant enough to require dilatation or gastrostomy 
(see Fig. 10, C). In one case, the dysphagia was elicited 3 to 4 times yearly on 
a psychosomatic basis, and disappeared in 2 to 3 days by change of environment. 
In the other case, a few weeks after avitaminotic stomatitis (which healed 
promptly by vitamin medication) apathy and weakness appeared about 4 
weeks before his death. One week later dysphagia developed, with the pre¬ 
viously mentioned moderate x-ray and endoscopy findings which accounted 
for reduced food intake. The weakness and lethargic condition progressed 
until his quiet death, without signs of recurrence or metastases. How much 
of this malnutrition was due to his alcoholism or to dysphagia could not be 
analyzed, because he was not hospitalized, but the dysphagia possibly aggra¬ 
vated and accelerated the fate of the patient. 

Clinical hone damage was not seen, although in one autopsy case the 
clavicle did show sclerotic changes in the spongiosa. 

The irradiated lung segment showed radiologicallv (Figs. 10, B, and 12, C), 
and at autopsies in all cases, atelectatic and fibrotic collapse, with shrinking, 
followed by retraction of the apical thorax and mediastinum. Autopsies 
showed adhesion of the collapsed segments to the chest wall. The functional 
loss of the segment caused no clinical symptoms. In some cases moderate lo¬ 
cal discomfort was the chief complaint, due probably to the adhesions and 
retraction. 

The possibility, of postradiatioi i transverse myelitis • was considered clini¬ 
cally in 2 cases. In one of these, it remained undecided whether the spinal 
symptoms were produced by radiation myelitis or by neoplastic spinal in¬ 
volvement. However, vertebral bony involvement, clinical similarity to the 
second case, and inconclusive but suspicious myelogram favor the latter 
etiology. In the second case, autopsy revealed spinal involvement by tumor, 
without radiation damage of the spinal cord. 


COMMENT 

Tho literature is very pessimistic about the fate of these patients. The 
average survival after onset is listed by various authors. ’ ^ ^ 

months. According to Moersch and associates, 19 the majority die wit un 
months after the first examination. All agree in general that the apical tumoi 
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SUMMARY 

1. The apical lung tumors do not form a separate pathologic entity, but 
a topographic distinction is made because, due to the particular peripheral 
location, their clinical and radiotherapeutic behavior is different from that of 
other lung cancers. 

2. An attempt is made to subdivide the cases in 5 stages, dependent upon 
the degree of involvement. 

3. Eighteen eases were irradiated at the University of Illinois College of 
Medicine, 8 with conventional x-rays, 10 with betatron x-rays. 

4. The eases are reviewed and analyzed from diagnostic and therapeutic 
points of view. 

5. The betatron radiation excelled by far the conventional x-rays in 
therapeutic effect, based upon comparisons within our own material as well 
as with the data in the literature. However, conventional x-ray therapy 
is also expected to achieve better results if similar care will be exerted 
in treatment planning and technique. 

6. The conventional x-ray case figures show one cured for 11 years, re¬ 
garded as an exceptional curiosity in radiosensitivity. In the other cases, the 
results conform to the data of the literature. 

7. The 10 betatron ease figures show 2 living and well, 11 and 27 months 
after the radiation. The deceased patients survived from the onset an average 
of 29.7 months, in Stages 2 to 4, 43.6 months (literature: 12 months); from 
the first irradiation an average of 19.6 months, in Stages 2 to 4, 32.4 months 
(literature: 6 months). In Stage 5 (with regional or distant metastasis) the 
prolongation of life was not significant, but the palliative effect was striking, 
|in fact much better than implied in the literature. 

8. The radiation effect on subjective symptoms (pain, etc.) was manifest 
m their disappearance or marked decrease for variable durations, and in sig¬ 
nificant reduction of the patient’s suffering, and duration of the terminal stage. 

9. The objective radiation effect could be followed clinically or radio- 
Iogically by reduction or disappearance of the tumor, by reealeificatxon of 
destroyed costal or vertebral bony structures, by gain in weight and strength, 
by resumed and prolonged useful life, and by disappearance or regression of 
the tumor in autopsied cases. 

10. It is worth while to irradiate all cases of apical tumors, in Stages 2 
to 4 for significantly prolonged pei’iods of useful life and possible cure, in 
Stage 5 as a palliative aid to living during the remaining life of the patient. 
The diagnosis is rarely made in Stage 1, in which surgery would be academi¬ 
cally the therapy of choice. 
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The actual period of by-pass was carried out as follows: The superior 
vena cava was occluded and its blood siphoned into a graduated cylinder. The 
left brachial artery was temporarily occluded and the branches of the right 
also, if it was not used for perfusion. Tiic inferior vena cava was next occluded. 
The aorta was cross-clamped immediately distal to the origin of the left sub¬ 
clavian artery and perfusion begun (Fig. 11. An incision, 4 to 5 cm. in length, 
was made in the right ventricle and the coronary sinus blood continuously 
aspirated (Fig. 2). In all animals, the right ventricle was open for 5Vi to 
31 minutes. The ventricle was then closed, the lungs wete inflated, normal 
choulation was restored, and perfusion was discontinued. 



Fig. 1 —Schematic representation of the perfusion s> stem 


The arterial blood used for perfusion was obtained from the femoral 
arteries of donor dogs. The blood was collected in bottles containing 40 mg. 
of heparin per liter of blood. No determinations of blood incompatibility weie 
made and frequently pooled blood from G or 7 dogs was used. The blood 
was pumped from a 2-liter graduate after filtration through commercial recipient 
sets. 

In most animals, the sum of the blood collected from the superior cava and 
from the right ventricle was 150 to 250 ml. greater than the amount perfused 
during the period of by-pass. This deficit was replaced slowly with an in- 



CORONARY AND CAROTID ARTERY PERFUSION DURING TOTAL 
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A S a result of the early and continued interest of Gibbon 0 ' 8 and the recent 
contributions of Andreasen, 1 Lillehei, 2 and Kirklin, 3 and their associates, 
repair of ventricular septal defects has become a reality. Recently, Warden and 
his co-workers 4 reported continuous arterial reservoir perfusion during cardiac 
by-pass. The following method of perfusing arterialized blood from a reservoir 
during cardiac by-pass has been used experimentally for the past year and 
a half. With this technique, only the brain and heart I’eeeive blood during 
the period of by-pass and this paper reports the results of 121 experiments. 


method 


Dogs weighing from 4 to 30 Kg. were used. Anesthesia was induced with 
-Vz P er cent Pentothal and an endotracheal tube was inserted. The animals 
were maintained with ether and oxygen administered with intermittent positive 
pressure. The femoral artery and vein were eannulated for pressure measure¬ 
ments. A small number of animals were not cooled. The remaining dogs were 
cooled by immersion in a water and ice bath (3° to 4° C.). The animals were 
removed from the bath when the rectal temperature was 3° or 4° C. higher than 
the desired final temperature, to allow for the usual drop. Sterile technique 
was not employed. 

A right thoracotomy was performed through the fourth intercostal space. 
A heavy silk ligature was passed around each vena cava. The right brachial 
(subclavian) artery was isolated and ligatures were passed around it and all 
of its branches, except, for the internal mammary, which was eannulated for the 
measurement of blood pressure during the period of by-pass. The mediastinal 
pleura was opened and ligatures passed around the leit brachial (subclavian) 
artery and the aorta. A polyethylene catheter was inserted info the right 
brachial artery in the chest or the right carotid artery in the neck for subsequent 
perfusion of the aortic arch. This catheter was connected through a finger 
pump to a reservoir of heparinized, oxygenated blood. Another catheter was 
inserted into the superior vena cava through the azygos vein. 
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Gkoop II Eighty -five dogs ime cooled to a final 1 octal tcmpeiatiue ot 
25° to 30° C The aoita was cioss damped and both biaclnal aitencs weie 
occluded ioi 15 to 31 minutes The light \entncle was open foi 15 to 30 
minutes Dining the penod of bj pass the blood piessuie was maintained at 
80 to 90 mm Ilg in most of the animals Within a minute after stopping the 
peifusion and icstoiing the cnculation, the blood piessuie was usually above 
100 mm Ilg Tlnitt six of the 85 dogs weie elnonic smtitois The ieniammg 
49 died within the fust 3 postopeiatite dais Si\ of the dogs died of caidiac 
anest within a lew minutes aftci peifusion and ustoiation ot the cnculation 
In G, the cause of death could not be determined at autopsi In 10 animals the 
cause of death was thought to be due to hcmoiihage, and m 27 animals the cause 
of death was pulmonaij congestion This was continued b\ pathologic esamina 
tion 

Twentj one ot the animals deieloped tcntuculai fibiillation during peitu 
sion oi after lestoiation of the cnculation It was possible to dcfibiillate all ot 
the lieaits, but onh 7 of those 21 dogs weie cluonie surtitois 

There were seteial points of inteiest in this gioup of animals A record 
was Kept of the amount of blood iceoieied hom the supenoi \ena ea\ i as 
eompaied to the amount lecoieied from the light icntucle Moie blood was 
alwajs locoteied liom the supenoi \eiia ca\a dunng the penod ot In pass but 
this waned considciablj The lange was fault etenlt distnbuted between a 
latio of 2 to 8 times as much recoieied fiom the supenoi tena cat a as from 
the right tcntuclo In a tew animals, 14 and e\en 18 times as much blood was 
pel fused to the head as to the lieait Theie was no lelationslnp between this 
latio and smvital 

In this gioup of animals, the amount oi blood lcqiuicd to maintain a 
pressme of 80 to 100 mm Ilg dunng the penod ot bt pass was about 150 cc 
pei minute m a 15 Kg dog Thoie was a gieat deal of mditidual tarnation, 
liotvct ci 

In 9 animals, nnmedntclt aftei opening the light tcntncle, a Folej bag 
cathetci was inserted into the pulmonaij artert and the bag inflated Tlnougb 
tins catlictei, blood was pei fused into the lungs bt giantj dunng the period of 
bj pass Ten to 35 c e of blood weie peifused pei minute in a 10 to 15 Kg dog 
The surutal late in this gioup was no bcttei than when onh the bead and 
heart tveie periused, 5 ot these 9 dogs died 

Twentj animals weie digitalized prior to caidiac bt pass Seten of the 
animals tveie digitalized bt giving them 015 mg of acettl stiopbantludin in 
tlnee doses The diug tvas giten inti at enonslt at 5 minute internals so that 
the last injection was giten just prioi to by pass Nine of the dogs weie giten 
1 mg of Digoxm mtrat enouslt 4 lioms pnoi to cooling and anotliei 0 5 mg 
intiavenouslj as the chest was being opened The initial dose altvats made the 
dogs lonnt Of these 20 dogs, onh 8 weie elnonic survitois, so that theie was 
no mcieased suit it al among tlie dogs that icceited a digitalis pieparation 
In 34 animals, the lungs weie ovigenated with 100 per cent oxjgen dunng 
the penod of bj pass Ethei tvas not administeied during tins period Of these 
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travenous transfusion of citrated blood after restoration of tire circulation The 
animals were given protamine sulfate (1 mg/Kg.) to counteract the heparin 
that remained following perfusion 

RESULTS 

Group I. This technique was used to by-pass the heart in 11 dogs under 
normothermic conditions. The aorta and brachial arteries were occluded for 
8 to 18 minutes in these animals, and the right ventricle was open for 5 1 /, to 17 
minutes. Four of the animals v ere chronic survivors. The period of occlusion 



in these surviving animals was S 1 /), 12, 14, and 18 minutes Four of the dogs 
died 16 to 36 hours after surgery. The aorta and brachial arteries were clamped 
for 12 to 15 minutes, and all 4 dogs revealed evidence of cord damage with 
spastic paralysis of the hind legs Three more animals died of postoperative 

bleeding within the first 24 hours 
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bj pass None ot these faetois seemed to influence the sm\i\al late Seieial 
iactois seemed to be nnpoitant The final i octal tempeiaturc should not be 
lower than 30° to 32° C In this lange there was no \entnculai fibiillation 
wheieas m the animals peifused at a final icctal tempeiatuie of 25° to 30° C 
there was a 25 pci cent incidence of \cntnculai filnillation 

It was important to maintain a blood piessme ot at least 85 mm Ilg dm mg 
the penod of b\ pass Slow u lease ot the inflow clamps o\ei a peiiod of 4 to 5 
minutes and lelcasc oi the aoitic clamp o\ei a penod of Vj minute seemed 
nnpoitant in oidei to maintain a good blood picssuu and eoionnri encnlation 
Despite all ot these piccautions, howem, 4 ot the last 25 dogs died with 
pionounced pulmonaiw congestion within 4S houis after opuation In all of 
these animals, the light rcntiiclc was open ioi 15 to 30 minutes These iesults 
aie similai to those lcpoitcd In Shumwa\, (diedman, and Lewis 0 The\ pei 
iused the eoionaic but not the caiotid \essels aftu hist cooling the animals to 
25° C Tho\ felt that 111 dogs it was sate to In pass the heait ioi peuods up to 
20 minutes at this tempeiatuie with coionan pcifusion ot 50 to 85 cc pel 
minute 


SUMM \I5\ 

A technique is deseiibcd foi caidiac In pass 111 the dog peimitting light 
\entnciilotoim ioi 30 minutes The head and licait aic peihisid with tmgtn 
ated, hepamiued blood while the animal is maintained at a icctal t<mpeintiue 
of 30° to 32° C In the last group ot 25 dogs, 21 au long term suiuvois 
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34 animals, 35 were long-term survivors. There lore, the mortality in this group 
was about the same as the over-all mortality. 

rtROUp III. Twenty-five dogs were cooled to a final rectal temperature of 
30° to 32° U. The aorta was clamped for 15 to 37 minifies, and the right 
ventricle was open for 35 to 31 minutes. In this group of animals, an attempt 
was made to apply the information gained in previous experiments. The lungs 
were deflated during the period of by-pass in this group. A blood pressure of 
85 to 325 mm. Ilg was maintained in all of these dogs during the period of 
by-pass. In this series of experiments, a 15 Kg. dog received approximately 
175 c.o. of blood per minute to maintain this pressure during the period of by¬ 


pass. One minute after closing the ventricle the tie around the superior vena 
cava was released, allowing some of the superior vena caval blood to enter the 
right atrium. Over the period of the next minute to a minute and one-half, 
the catheter in the superior vena eava was gradually occluded, so that more 
blood returned to 1 ho right atrium. Tlu* tics around both brachial arteries were 
released. The pump was gradually slowed and the inferior caval constriction 
gradually released. Extreme care was taken to prevent overdistention of the 
right atrium. The aortic clamp was gradually released. • None of the animals 
developed ventricular fibrillation during the period of by-pass or after restora¬ 
tion of the circulation. Four of the dogs died within 30 hours of pulmonary 
congestion, and the other 21 arc long-term survivors. 


DISCUSSION 

Prior to using the method just described, total by-pass of the heart was 
•oomplishcd by using a dispersion type oxygenator and a linger pump. In 
1 animals, the entire animal was perfused and, in 14 more, the aorta was cross- 
amped at the origin of the left brachial artery during the 15 to 30 minutes 
by-pass and right ventriculotomy. A systolic pressure of 80 mm. Ilg was 
mally maintained during this period. All of the dogs except one died ol 
lock, bleeding, or pulmonary congestion. 

Because of these discouraging resulls, it was felt that the survival rate 
mid be improved if the heart and bead alone were perfused. In this way, the 
jol of normal blood in the rest of the body would not enter the extracorporeal 
reuit. In the early experiments with carotid and coronary artery pcrlusion, 
e body temperature was not lowered. However, with the aorta and both 
•achial (subclavian) arteries clamped, cord damage frequently occurred with 
jriods of occlusion of 12 to 15 minutes. Hypothermia was then employed, with 
sctal temperatures of 25° to 30° C., but usually closer to 25° than to 30° C. 
owever, because of an incidence of ventricular fibrillation ol 25 per cent, and 
icause of a chronic survival rate of only 40 per cent, the animals were poi- 

nised at progressively higher lemperaturcs. 

In the course of the experiments, an attempt was made to evaluate certain 
factors. In some of the animals, the pulmonary artery was perfused with blood 
during the period of by-pass. Another group of animals was digitalized. In 
still another group of animals, the lungs were inflated during the period ol 
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INTRATHORACIC NEUROFIBROMA OF THE VAGUS NERVE 
ASSOCIATED WITH A DIAPHRAGMATIC HERNIA 

Carl Davis, Jr., M.D., and Gordojc Brown, M.D. 

Chicago, III. 

A MOST unusual and completely unsuspected finding during the course of 
the repair of an esophageal hiatus henna of the diaphragm was a large 
neurofibroma of the vagus nerve supplying the lower end of the esophagus. 

In a review of their own series of IS patients with intrathoracic neuro¬ 
fibroma and in .100 eases of others eolleeted from the literature, Kent, Blades, 
Talie, and Graham 1 lound no evidence of the vagus nerve as a point of origin 
of these nerve tumors. The infrequency of reports of neurofibromas of the 
intrathoracic as compared to the ceiwical portion of the vagus nerve suggests 
the rarity of this lesion. We have encountered only four such specific reports 
in the available literature. In 1943, Blades and Dugan 2 reported a case of 
multiple intrathoracic nerve fibromas, two of these originating in the left vagus 
nerve. In 1950, Parrella 3 reported a neurofibrosarcoma of the left vagus nerve 
which was located at the base of the neck and extended into the anterior 
superior mediastinum. In 1953, Gerbode and Marguiles* reported an interesting 
case of neurofibromatosis (von Recklinghausen's disease) with neurofibi’omas 
involving the left vagus nerve in the superior mediastinum. A year later, 
Rilbertsen and Lillehei 3 published a case report which concerned a 40-year-old 
nan with bilateral cervicothoracic neurofibromas of the vagus nerves in the 
ibsence of neurofibromatosis. Physiologic observations were carried out to 
study the effect of removal of the tumors on the function of the cardiorespiratory 
systems. The usual site of intrathoracic nerve sheath tumors is in the posterior 
nediastinum with origin from the sympathetic chain or the intercostal nerves, 
.•ather than the vagus nerve. 


CASE REPORT 


Mrs. ,T. IC. was first seen in 1944 when, at the age of 55, she was referred by her 
family physician with the diagnosis of pernicious anemia refractory to liver therapy. Signs 
md symptoms of anemia had then been present for one year and she had had five blood 
ransfnsions. Initial investigation, in 3944, revealed a normocytic hypochromic anemia, 
iccult blood in the stools, normal gastric secretions, and an esophageal hiatus hernia (Figs. 
I and 2). On the diagnostic assumption that bleeding resulted from peptic erosion associated 
vith the diaphragmatic hernia, treatment comprised modified Sippy management plus 
ransfnsions and iron. Although the therapeutic response was prompt, the patient refused 
to remain on medical measures after the acute symptoms subsided. During the following 
twelve years she had 15 major gastric hemorrhages. From 1947 on, operative repair of 
the hiatus hernia was recommended with increasing persistence because of the conviction that 
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The patient was reexamined six weeks after operation. The wound was well healed. 
There were no particular complaints. Solid foods were swallowed without difficulty. At this 
time a roentgen examination of the esophagus and cardiac end of the stomach showed no e\i 
dcnce of stenosis, regurgitation, or ulceration. The stomach was confined to the peritoneal 
cavity. 

Pathology—gross examination: The mediastinal tumoi consisted of a somewhat circular 
mass of gray tissue, measuring 0.5 l>y 4.5 hj 2.3 un (Fig. 3). The specimen weighed CO Gm. 
On one side of the specimen there was a triangular section of gastric mucosa rcnio\ed from the 
cardiac end of tho stomach. On the interior side of the specimen there was a portion of 
the left vagus nerve, measuring approximately 2.5 cm. m length. At one point there was 
evidence of bifurcation of the nerve. 

Pathology —microscopic examination: The tumor was fibrous in character and consisted 
essentially of a proliferation of Schwnnman cells There was massive fibrous o\ergrowth 
with interspersed lijaline fibers, often arranged in concentric groups between interlacing 
bundles of elongated cells, ha\ing manv of the features of fibroc^tes The tumor was 
relati\cly acellular in \arious places, the result of abundant collagenous deposits The 
palisade ariangement of nuclei was not as conspicuous as in some neurogenic tumors (Fig. 4) 
In ono section, there were sex era! areas of calcification; m another section, at the level ot the 
esophageal gastric junction, an intense subacute inflammation underh mg the stratified 
squamous epithelium was present; howcvei, the gastnc mucosa appealed normal The lusto 
logic diagnosis was neurofibroma of the vagus nerve, subacute inflammation ot the esophagus 



Fig. 4—Photomicrograph of the neurofibroma showing the nuclei of nerve cells disseminated 
through interlacing bundles of fibrous connective tissue 


DISCUSSION 

. Of salient inteicst in this case is the 12-year history'of recurrent gastiic 
hemorrhages, associated with a large esophageal hiatus 1 ’geady re¬ 
sponse of these bleeding episodes to acid-neutralizing ’ ''hVf 



534, 


DAVIS and BROWN 


J. Thoracic Surg 
April. 19S7 


pephc ulceration was occurring in this pouch although an ulcer crater could not be con¬ 
clusively demonstrated fluoroscopically. Finally, after a particularly depleting episode of 
melena had been brought under control, the patient entered the Presbyterian Hospital, 
Chicago, on Aug. 31, 1055, for surgical treatment of a diaphragmatic hernia. It is of 
particular interest that the patient had never experienced abdominal or thoracic discomfort 
and had no digestive tract symptoms or signs other than those due to hemorrhage. There 
were no pregnancies. There was no history of trauma. Extreme obesity had been present 
for thirty years. 

Examination on admission revealed a 66-year-old white woman, 6.5 inches in height, 
weighing 200 pounds. The blood pressure was 19S/100 nun. Hg. Other physical findings 
were normal, as were the hemogram, urinalysis, eleetiocaidiogiam, and examination of the 
feces. 

On Sept. 3, 1053, a left thoracotomy was performed through the bed of the resected 
seventh rib. Upon incising the mediastinal pleura, tbe preoperativelv diagnosed esophageal 
hiatus hernia presented itself, as well as an unsuspected gray white, semilumu-shaped tumoi 
which encircled the lower end of the esophagus. The origin of the tumor was a large 
trunk of the left vagus nerve. A frozen section identified this lesion as a neurofibroma. 



pig-. 3.—photograph of the surgical specimen. 

While resecting the tumor, a small segment of the anterior wall of the stomach was removed 
at the level of the cardioesophageal junction. Exploration through the opening i 
gastric pouch revealed no evidence of recent or old peptic ulceration nor any 
varices. In closure of the defect, an anastomosis was accomplished be Wee ‘ ‘ 

lateral wall of the esophagus and adjacent stomach. The excess portion of t^ hemal sa 
was excised. The esophageal hiatus was reconstructed with transplantation of he esopfu gu , 
anteriorly. After an uneventful postoperative course, the patient was discharged 
sixteenth postoperative day. 






VENTRICULAR FIBRILLATION 

An Enperimfntvl Study Comp wing Various Volt igfs vnd Durvtions of 
Electric Shock in Eefiiirillition oi the C \kint IIevrt 
George C Kaiser, JI D ,* John II Edgcomb, JI D, and 
Jerome IIarold Ka\ , JI D 
Bftiiesov, JId 

T HE use of clectne shock is the accepted method foi the ticatincnt of 
ventriculai fihullation Tlic design of the clcctiical dcfibiillatoi is gen 
eiallj agieed upon hut there is still disagicement as to tin optimal voltage and 
duration of the shock Iuibv, Johnson, Engelbcig, and Roms 1 concluded that 
220 \olts for 1/10 second was uniloim!\ moic successful than lowei voltages 
in defibrillating canine hearts Tliev felt that this \oltage and duiation of 
shock Mould not cause bums of the hcait Kav" and JIackav, Jlooslm and 
Leeds’ hate iccomtnended lowei voltages Because of those conflicting lesults 
the follouing studj Mas undertaken 


METHOD 

Foitj eight mongiel dogs neighing 7 to 15 Kg ueie anesthetized with 
mtiavenous thiopental sodium An endotracheal tube was inserted and 100 
pel cent o\jgen was administcicd In mteimittent positne piessure tlnongh a 
demand valve Using steiilc technique, a left thoiacotomv Mas pciformcd 
tlnongh the fifth mtcicostal space and the peiicaidium Mas opened nidelj 
antenor to the plnenic none Vcntiieulai fihullation Mas induced hj passing a 
shock of 10 colts foi 14 to % second tlnongh the hcait The heart Mas allowed 
to fibullate for foui minutes dining which time ventilation was continued The 
heart Mas then massaged foi two minutes at a late ot 40 to 50 times per 
minute and a single shock was then used in an attempt to defibnllate the licait 
After defibrillation, the peiicaidium Mas left open and the chest Mas closed in 
lacers The dogs ueie saenfieed at mteivals of two to twentj sin dais and 
the heaits Mere examined 

The dogs Meie divided into foui gioups of twelve In all lorn gioups the 
lieait was massaged foi two minutes attci the foui minute period of fibnllation 
In the first gioup, defibrillation was attempted with a single shock of 130 volts 
at 1/10 second duiation In the second gioup, defibrillation was attempted 
with a single shock of 130 volts at % second duiation The thud gioup was 
ticated with a single shock of 230 volts at 1/10 second In the fouith group 

I* rom the Clinic of Surcery National Heart Institute nnl the Pathological Anatom> 
Branch Clinical Center Lational Institutes of Health Bethe^da 14 Mu 
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that evidences of peptic ulceration would be found at operation. The absence of 
such evidence or signs of venous thrombosis in the gastric pouch eliminates the 
mechanisms of hemorrhage considered most likely in this case. The inadequacy 
of present knowledge concerning this important complication, which has an 
incidence as high as 20 per cent among symptom-producing hiatus hernias, 
is further emphasized. 5 

Although symptoms from this hernia appeared at an age common for such 
lesions and in a very obese woman, no definite etiologic factors can be implicated. 
In spite of the intimate association of the vagus neurofibroma with the hernia, 
it seems unlikely that either one contributed to the development of the other. 
The finding of calcium in the tumor suggests the chronicity of this lesion and 
the 12-year presence of the hernia is a matter of radiologic record. 

The operative procedure has produced an apparent cure. No deleterious 
effects have been observed to result from the resection of portions of the left 
vagus nerve and the neurofibroma. 

Although there are a number of reports of nerve sheath tumors arising 
from the vagus nerve in the neck, this ease is unusual in that only four other 
instances of intratlioracie tumors arising from the vagus nerve are found in 
the available literature. 

CONCLUSIONS 

The ease is that of an elderly, obese, white woman in whom a large 
esophageal hiatus hernia had been repeatedly demonstrated for twelve years. 
Her symptoms over this long period were those of acute and chronic blood loss, 
presumably due to peptic erosion in the gastric pouch. Although numerous 
' ttempts had been made to bring the patient to surgery, it was only a particu¬ 
larly massive gastric hemorrhage that prompted the patient to consent to 
operative treatment. 

At operation, a mediastinal tumor was found with its origin in the left 
vagus nerve innervating the lower end of the esophagus. Histologically, this 
resembled a neurofibroma. Repair of the esophageal hiatus hernia resulted in 
disappearance of symptoms. At the present time, seven months postoperatively, 
there are no complaints referrable to the surgery. The patient is swallowing 
solid foods as well as liquids without any difficulty. The anemia is corrected. 
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PATHOLOGIC OlibEIlV ATIONS 

Gioss Findings —Tluitv seven of the 38 heaits that weie defibiillated with 
one shock weie examined grossly and nneioseopically They weie weighed with 
the blood iemo\ed and a minimum of the gieat \essels lemainmg The weights 
wcie between 61 and 125 Gin Some of the heaits levealed minimal subepicardial 
hemonhage that was attnlnited to massage 

Theie were no giosslv Msiblc bums ot the heaits that weie defibiillated 
with 130 volts at cithei 1/10 oi i/t second Ot the heaits defibiillated with 
230 volts at 1/10 second, tinee ot loin bums weie giosslv visible, and ot 
those heaits defibiillated with 230 volts at 14 second, six ot nine bums weie 
visible giosslv The lesions weie located on the light ventnele just below the 
light atnal appendage and at the apex ot the lett ventricle These weie the 
sites of application ot the electrodes 

Mictoscopic Findings —'Two sections, stained with hematoxylin and eosm 
weie piepaied fiom each ot 37 heaits defibiillated with a single shook The see 
tions ot the heart tiom the tlinfv eighth dog, defibiillated with 230 volts at 1/10 
second, were lost The blocks weie taken to include the outlie ventnculai wall 
at the point of contact ot the electiodes 

The bums weie divided into three gioups accoiding to the following 
cntcria The minimal lesions weie less than one low povvei field (lOx) and 
located in eitliei the outei oi middle one thud ot the mvocaidium The 
modciatc lesions weie laigei than one low povvei field and located m the outei 
one thud ot miocardmm, oi smaller than one low povvei field and located in 
the innei one thud of the mvoeaidmm It the lesions weie gieatei than one 
low povvei field and located in oithu the middle oi innei one thud ot the 
ventnculai wall, thev weie classified as seveie 

Two of the S heaits defibiillated with 130 volts at 1/10 second icvcaled 
nucioscopic bums These weie extiemelj small and penphcial in location 
Thev weie classified as minimal (Fig 1C) Tlnee of the 10 heaits defibiillated 
with 130 volts at 14 second had bums that weie modeintc, and one otliei was 
minimal Ot the 10 licaits defibiillated with 230 volts at 1/10 second, 0 weie 
examined, levealing tour bums Theie was an extensive seveie bum involving 
the entne thickness ot the light ventnele ot one healt (Fig 1-1) OI the 
lemaining lesions, two weie modeiatc and one was minimal (Figs 1, D and E) 
In the senes ot heaits defibiillated with 230 volts applied toi 14 second, 9 of 10 
heaits showed myocaidial bums ol vaiving degiee Two lesions weie classified 
as seveie (Fig IB), two as modeiate, and five as minimal (Fig IF) 

DISCUSSION 

Hookei, Koiiwcnhoven, and Langvv 01 tin’ demonstiated that a cuiicnt of 
less than 0 8 ampeie will not stop fibnllation and a cunent grcatei than 0 8 
ampeie will not induce fibnllation Mackay, Jlooslin, and Leeds 3 repoited that 
a cunent grcatei than 15 ampeies stopped fibnllation and’in 110 
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of animals, 230 volts at y 4 second was the initial shock. The failures in all 
groups were massaged for one minute and defibrillated wtih a single shock of 
either 230 volts at 1/10 second or 130 volts at 14 second. Only the hearts of 
those dogs that had been defibrillated on the first attempt were examined for 
evidence of myocardial burns. Microscopic sections were taken from the sites 
where the paddles were applied. 

The electrical defibrillator was that described by Kouwenhoven and Kav 4 
with the addition of a 1-2 step-up isolation transformer and an electronic timing 
unit.* The timing unit permitted shocks of 1/10 and 14 second with an accuracy 
of 1/100 second. The electrodes were made of brass rods, 6 mm. in diameter, 
with one end bent at a right angle to the axis of the rod. These rods were 
insulated with rubber tubing. A stainless steel disk, 45 mm. in diameter, was 
riveted to the bent end of each electrode. Plaster felt, 4 m.m. thick, was sewn 
to the disks. The disks were saturated with normal saline before being applied 
to the heart. 


RESULTS 

In the first group, a single shock of 130 volts for 1/10 second was effective 
in 8 of 12 animals (Table I). Ten of 12 animals, comprising the second group, 
were defibrillated with 130 volts for V4 second. In the third group, 10 of 12 
animals were defibrillated using 230 volts for 1/10 second. Two hundred and 
thirty volts for hi second was successful in 10 of 12 animals in the fourth 
group. A second shock of either 130 volts for *4 second or 230 volts for 1/10 
second was effective in the total of 10 dogs of the four groups in which fibril¬ 
lation persisted after the first shock. Serial shocks were not emplo 3 r ed in this 
study. Eight of the 48 animals died. Six of the 8 died within three clays and 
were found to have bilateral pulmonary congestion. The remaining 2 animals 
died on the third and seventh postoperative days with overt evidence of brain 
damage. Their lungs were normal. 


TabjjE J 


INITIAL SHOCK 

TOTAL 

NUMBER 

OF POOS 

NUMBER OF 
HEARTS pe- 
FJBRI PLATED 
WITH INITIAL 
SHOCK 

130 V 

1/10 second 

12 

8 

130 V 
% second 

12 

10 

230 V 

1/10 second 

12 

10’' 

230 V 
ti second 

12 

10 


NUMBER OK MYOCARDIAL BURNS 


MINIMAL I MODERATE 


SEVERE 


TOTAL 


2 

1 

1 

5 


•Seetions~of”one heart were"examined microscopically.. 


Of the 8 animals that died, 3 had required a second shock for defibrillation. 
These 3 animals died of pulmonary congestion and did not exhibit evidence 0 

brain damage. 

designed and constructed by the Instrument Section. National Institutes of Health. 
Bethesda, Aid. 



!7, 

j. V//' 'A',? 

('A A, * flu 


/ 1 r~‘ i , 

- i » ' t, i 



/ f \, / '/J 

- Vi' i > - 


?/ * /■ 

f , / Vl'**L ?,-’K — ‘ 7-^ 

Kr/.r ■“//. 

i '•/',/'> a> if Z&'T- A~-V~* x "- 
K 'iff ’,\\ .(< ibAcr£?W: 

\iVA) h -v&, A& 

50 * *' , ; 7'/* £vo&&b? 7 


V-.7 ■ 7 /'! 


Pig 1C-Minimal focal necrosis of the myocardium of the left \entric!e eight day*? postopera 
tnelj The heirt Mas deflbrillated with a shock of 1J0 \oIts at Vjr> secon I (X200 ) 



Pig 127—Minimal lysis necrosis and fllircsis of the mjocardlum of the light \entiicle 
t\\ci\e dajs postoperati\el> Tht hr art was deflbrillated with a shock of -JO \olts at 
second (X200 ) 
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Fig. 1A—Kvtenshe necrosis and fibiosis of the right \entriclc nine days postoperatn el> The 
heart was deflbriliated with a single shock of 280 \olts at Vio second (x!8 ) 
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pioduced it Tlicj concluded that cuucnts oi high ampeiagc maj be of eithei 
shoit oi long duiation to stojJ icntiiculai fihulhition and leeommended 110 colts 
at 1/10 second 

Knb}, Johnson, Engelbcig, and Homs' compaied the effeetiteness o£ 
caiious \oltages at 1/10 second duiation Thes stated that 220 \olts at 1/10 
second was unifoimh inoie successlul than lowei \oltages at 1/10 second lit 
defibullatmg canine hunts Tlici icpotkd that this coltige at 1/10 second 
duiation did not cause hums of tin hcut, but if the shock lasted l/ > second 
there was a grossh usible limn In the picsent scuts \oltagts ind duiation 
of shock weie compaied StatisticalH there did not appeal to lie am significant 
diffeionce in the nbiliti to defibnllato the heait using tin vauous aoltages at 
the dmations studied Tlieie weie imocatdnl bums in all four groups 
Ilowesei, theic was an met cased incidence of bums ot the In ait using 230 col s 
at 14 second compaied to the othei gtoups The bums ot the In uts di fibiillatcd 
with 130 colts were small and not usible gtossh The onh static bums 
occmled 111 the bents dcfibitllatcd with 230 colts 


SUMM IPS 

Yeiitueulai fibiillation was pioduced in 4S dogs Inc be.Uts weie allowed 
to fibullatc foi fout minutes and cauliac massage \ s then emploacd foi two 
minutes An attempt was then made to defibnl! itc tin heaits with single eleetnc 
shocks of canons \oltages and dmations 3 lien did not appeal to be a sig 
mficant diftciencc in the alnliti to defibnllato tin heait usnig 130 solts at 1/10 
01 14 second duiation compaied to 230 \olts at 1/10 01 14 second duiation 
Howc\ci, there was a significant mcieasc 111 numbei and seienti of hums with 
230 colts at 14 second 
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Fig. IF.—Moderate necrosis and inflammation of a coronary artery of the 
twenty-six days postoperatively. The heart was deflbriliated with a shock of 
Mo second. (X200.) 


left ventricle 
230 volts at 



Fig. IF.—Minimal focal subepicardial lysis and degeneration of the myorardium of the 
left ventricle fourteen days postoperatively. The heart was deflbriliated v. ith a s 
volts at M second. (X200.) 
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minute couespomlence between the heait late and numbei of impulses weie 
exact m ‘)0 pci cent ot the subjects In the othei 10 pel cent, the same 
trend ot coil elation existed hut with frequencies ahose 110 pei minute the 
heait into failed to follow suit Abiupt change to cffectne stimulating euirents 
with fiequeneies ahoic the natuial heait late eonsistenth lepioduced the 
pattern of “take o\ci” l» the pacemakei Increase of the pulse width fiom 
10 to 70 milliseconds did not altei the lesponse of the heartbeat hut an electncal 
pulse width of 80 to 120 milliseconds e\en at low loltages caused pam lefeiable 
to the chest o\ci the site of the esophageal lead Rlnthmie contiactions of the 
uppci abdomen duo to diaplnagmatie stimulation weie noted in about one third 
of the patients These contiactions followed the exact ilnthm of the stimu 
lator and wcic eliminated In adjustments on the base plate diieoting the eunent 
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Fie: 3 —Shows a moderate in^rea^c m heartbeat 
stimuli of 20 \olts output 20 mllllsecon Is pulse w f 1th 
per minute 


but no correlation w Sth pacemaker 
and frequency of 20 120 impulses 


of excitation tin ou gh othei electiodcs All the patients toleiated electrical im 
pulses lip to the GOiolt hncl but with liighci voltage output pain in the chest 
uas intoleiable Vcntiieulai fibi illation due to clcctncal stimulation did not 
oeciu as a complication in this stud> and haiinfill clinical effects eithei im 
mediate oi delated weie not noted 

Gioup II In all the 10 piticnts of this gioup the heartbeat \\as “taken 
oi ei ” bj the pacemakei dm mg the opciatnc pioecduie foi which thet weie 
admitted to the hospital The eketnial stimulations weie jr iepctiti\c at a 
ficquencj of 100 to 120 pci minute with a pulse width of 30 11 ^ fiom 

a 40’iolt output Contiol of the heait late eomn 
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. An experimental test in subjects of Group I consisted of cardiac stimu¬ 
lation by currents derived from output voltages increased in stages from 10 
through 100 volts with variations of the pulse frequency and pulse width 
fiom the minimum to the maximum setting at each voltage level. In the 
subjects of Group II, the esophageal lead was introduced just after anesthesia 
was administered and the proper connections for recording the blood pressure 
and electrical impulses were made. The pacemaker was set at the beginning 
of the operatiorr to deliver repetitive stimuli at frequencies greater than the 
initial heart rate and was interrupted only for brief periods to assess the heart¬ 
beat under its own rhythm. 



o io 20 30 ho 50 6 o 70 so 50 100 no 120 

ucnnu STIMULI (rutn per nin.) 


Fig. 2.—Shows no relationship of heart rate to pacemaker stimuli of 10 volts 
potential, pulse width of 20 milliseconds, and increasing frequency of stimuli from /u to 
120 per minute. 


RESULTS 

Group I: A total of 54 electrical tests of the heart through all tolerable 
stimulatory ranges were made in the 16 volunteers. Electrical impulses up to 
10 volts with variations up to the maximum in frequency and in pulse width 
failed to increase the number of heartbeats. Within the 10- to 20-volt, range, 
extrasj'Stoles were occasionally detectable on the pressure pulse tracings. At 
the 20-volt level a relationship was noticeable between the number of ventricular 
contractions and the frequency of electrical impulses when such stimulating 
impulses exceeded 70 per minute. The correlation between heart rate and 
frequency of stimulation became more nearly equal as the voltage increase 
above 20 volts. In the 30- to 50-volt range with frequencies of 80 to 120 per' 
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administration of anesthesia and external legulation at 100 to 120 beats pel 
minute was continued thioughout tlic entile opeiatixe penod which aveiaged 
75 minutes The pieancsthetie Inait late axeiaged SO pci minute and the 
postopeiatixc late, aftei discontinuation of the pacemaker, axeiaged 94 beats 
pei minute The operations poiformed undei pacemaker eontiol were limited 
to appendectomies and licinioiiliaphies Rexcision to noimal sinus rhithm was 
immediate in exeix ease Dining the penod of stimulation the mean blood 
piessuie as denoted hi the picssuio tiacings showed no sexere fluctuations oi 
depiessions and peisisttd at a stead x lex el thioughout the stnnulatorj penod 
Sexen patients noted no adxuse effects aftei lecoxeix iiom the piolonged 
stimulation under anesthesia and suigeix Three patients complained of a 
dull ache m the chest which subsided within sexentx two houis 

DISCUSSION 

Dlectiomanometiic tracings of the pulse foim of the biaclual aiteij 
established pioof of eonelation between external stimulation of the heart 
and xentneulai eontiactions and lefleeted changes in the penphcial blood 
piossure dining the penod ot mxocaidial stimulation Ivjmoiocntgenogiams 
lexcalcd the incicisod ficyucnex of aiuiculai and xentnculai beats elicited 
b\ the pacemakei and showed these to follow in oidcilj sequence Electio 
eaidiogiams taken at the beginning and end of clectncal stimulation of the 
neait showed no pathologic changes due to piolongcd stimulation 

The external pacemaker has been utilized as an cffectixe means of lesusci 
tation of the licait m xentnculai standstill but has not been cmploxcd piexi 
ouslj as a pacemakei to lcgulatc heait action dining smgeix On the basis 
of the piesent studs the lattci function is cntiiclx feasible Complete “take 
oxei” of the heait late thioughout an opeiation can help maintain efficient 
mxocaidial eontiactions and piotection against xagal asxstolc in the pool 
nsk patient Until a spaik pioof electiode is dex eloped, the proccdmo, as 
piesented lieie, must be lest noted to patients undei spinal oi mtiaxenous 
anesthesia The site foi most efteetixe stimulation ot the heait has not been 
dcfinitelx asccitamed The smo aunculai node, the aiincular xentnculai 
junction, and the inteixentiieulai septum haxe been pioposed, lespeetixelj, for 
optimal stimulation In patients with noimal sums rhx'thm, lepetitixe electrical 
stimulation in the legion of the sinoatnal node xxould appeal to be the most 
logical site Except when tlic conduction sjstem and the cardiac museulatuie 
has been damaged orgamcallx, as bj anoxia, stimulation at this site has geneiallx 
caused complete mxocaidial contiaction lesponses and noimal pattern cleetio 
eaidiogiams 

Wide xanations haxe been lepoited in the litcratme on the xalues of 
stimulating clectncal cunents Foi optimum dehbiillation of the canine heait, 
Mackax 4 lecommended clectncal stimuli of 85 to 170 xolts and 15 to 3 8 
ampeies Zoll’ used simple monophasic cunents of rectangulai shape and 
low xoltage foi lesuscitation of the human heait m s'-m’ 'iH u topp and 
Bigelow" obtained effcctixc stimulation of the heart Mil 0 01 

to 0 1 ampeie while llenod and his associates 1, cm) q 
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on 4 -~ S , h0 ' vs correlation of heartbeat and pacemaker stimuli of 4 0 volts, pulse width 

20 milliseconds and frequencies above 80 per minute. Stimuli less than 80 per minute did not 
affect the heart rate. 
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Fig-. 5 .—Shows almost exact correlation of heartbeat and pacemaker stimuli of 50 
volts, pulse width 20 milliseconds and frequencies about SO per minute. Stimuli aeliveietl 
below the rate of SO per minute did not affect the heart rate. 





SOLITARY BENIGN NEUROFIBROMA OF THE LUNG COEXISTENT 
WITH PULMONARY TUBERCULOSIS 

Rfport or v Case with Revifw of thf Literature 
D win W Dickinson, M D ,* Whf.i ling, W Va , and II \rold A ICipp, HD," 

Pittsburgh, Pi 

W HILE mtiathoraeic nemogemc tumois are fanlv common, priman nemo 
genic tumors, ansing and confined within the pulmonaiv substance, ate 
quite unusual This teport is concerned with a ease of benign lntrapulmonait 
neuiofihioina associated with active pulmonarj tubeiculosis 

In 1940, Rubm and Aionson 1 tepoitcd finding at antopsv multiple tumoi 
nodules in and on the surfaces ot both lungs These tumois proved to he neuio 
fibromata and no evidence of geneialized ton Recklinghausen’s disease could 
be found Baitlett and Adams," m 1946, icpoited one case of a neuiinoma, 
benign, priman and solitan at the hilum of the left lung It was firmh 
attached to the left bionchus, distal to the main bifmcation A pneumoneetomj 
was perfoimed and an uneventful com so followed Tlieie was no evidence 
of lecunence at the time of vuitmg Tomoff and Sapm,’ in 1949 leported the 
suigical lemoval of a solitan neuiofibioma from the ape\ of the lower lobe of 
the light lung It was well encapsulated and leadilj lemoved from the lung 
paienchvma Dnelej and Daniel, 1 in 1951, leported 2 cases of nemogemc 
tumoi, primal} in the lung The fust was a nemofibroma, cncumseribed, hard 
and benign, found in the middle lobe of the light lung The middle lobe was 
lesected and no evidence of recmtence was evident at the time of then leport 
Then second case was a nemogemc sarcoma m the uppei lobe of the left lung, 
tieated b} pneumonectom} This patient died fom months after singer}, 
piesumabl} due to metastases Lane, Muna}, and Fiaser,' in 1953, descubed 
a nemilemmoma of the lung confiimed bv tissue cultme This tumoi, so 
termed bv A P Stout, is thought to anse fiom the nerve slicath ot Schwann 
and is not to be contused with neuiofibioma Howevei the case desciibed was 
an example of a solitaiv, benign, nemogemc tumoi ansing within the substance 
of the lung 

CVSE REPORT 

S M, a 33 year old wl itc woman, was admitted to the Pittsburgh Tuberculosis Hospital 
on Oct 14, 1954, because of pulmonary tuberculosis detected on routine chest a rav taken 
because her brother was undergoing treatment for this condition The \ ray examination 
reiealed scattering infiltrative disease in the upper portion of the left lung field ind haziness 

From the Pittsburgh Tuberculosis Hospital Pittsburgh Pa 
Heceliet for publication April 24 195G 

•Department ot Thoracic Surgery The VVheeling Clinic Wheeling W Va 
••Chief of Thoracic Surgery Mercy Hospital Pittsburgh Pa Associate Professor of 
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up to 3 amperes. The characteristics (voltage, amperage, etc.) of pacemaker 
impulses have not been standardized and the variable values noted in the 
literature can be accounted for by the type of electrical impulse generated, 
the method of application of the stimulus through the open or closed chest, 
the resistance of the heart, and other bioelectric effects. 

SUMMARY 

1 . Physiologic effects of an electric stimulator on hearts with normal sinus 
rhythm were studied. Efficient myocardial contractions at a rate greater than 
the normal sinus rhythm can be produced by means of repetitive electrical 
stimulation. 

2. The heart rate of 16 unanesthetized subjects and 10 anesthetized patients 
undergoing surgery was controlled externally by means of an electric pacemaker. 
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Fig. 1.—Posteroanterlor projection nine days preoperath ely, showing a clrcumscrlbet 
opacity in the apex of the right upper lobe. 

Fig. 2.—Lateral projection made at the same time which reveals the posterior postioi 
of the lesion. 
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high in the apex of tlie right lung. Blood counts, blood chemistry, blood serology and 
urinalysis at regular intervals remained within the normal range. Bronchoscopy’ had 
revealed tuberculous endobroncldtis of the left upper lobe bronchus. In January, she was 
operated on for acute appendicitis and recovered without complication. Treatment of the 
tuberculosis consisted of chemotherapy and routine sanatorium care. The sputum on smear 
and culture converted to and remained negative by February, 1954, only four months after 
admission. Bronchoscopy in Juno, 1954, revealed the left upper lobe endobronchial tubercu¬ 
losis to be markedly improved. Chest x-rays were taken at appropriate intervals after 
admission and the lesion in the left lung showed progressive improvement until it appeared 
quite stable and under control. However, the lesion in the right apex, first described as 
a haziness and then as a linear density in the outer zone of the second interspace, gradually 
increased and became circumscribed and was finally described as lemon-sized. Planography 
on Aug. 13, 1954, showed it to be a solid, noncavitating lesion best delineated well to the 
posterior (Figs. 1 and 2). At this time, it was felt that this might represent a neoplastic 
rather than a tuberculous lesion. Bronehoscopie re-examination was performed and the left 
upper lobe bronchial lesion was found to be well healed and no abnormality of the right 
upper bronchus was seen. Bronehoscopie washings from the right upper lobe were reported 
negative for both tubercle bacilli and tumor cells. Other x-ray and fluoroscopic examinations 
were performed and the consensus of medical and surgical opinions was that surgical 
exploration was indicated and that the most likely diagnosis was a neurogenic tumor of the 
chest wall. This was based on the circumscribed appearance of the lesion and its apparent 
position against the posterior chest wall on the lateral aspect of the vertebral column. 

Operation .—On Sept. 2, 1954, in the presence of an arrested, contralateral, left upper 
lobe tuberculous lesion, a right thoracotomy was performed through the bed of the resected 
fourth rib. A few filmy adhesions over the apex of the upper lobe were divided and the 
lesion was found to lie in the posterior apical portion of the upper lobe rather than on the 
chest wall. It was well rounded and approximately the size of a small lemon. It felt 
soft and almost cystic, similar to a dermoid or inspissated tuberculous lesion, rather than 
hard or nodular. At its base, near the segmental bronchus, some nodularity was palpable. 
It was thought that this was a tuberculous lesion and, since it was definitely localized, seg¬ 
mental resection was decided upon. The apical bronchus was isolated and dissected and 
a partial stenosis was noted a short distance (1 cm.) from its origin, just at the margin 
of the mass. A second small bronchus, arising immediately medial to that of the apical 
segmental bronchus, was found to be involved and hence was included in the resection. 
This probably represented either an anomalous or an accessory apical bronchus, since both 
the anterior and posterior segmental bronchi were positively idenlified. The resection pro¬ 
ceeded without difficulty and, at the conclusion, the anterior and posterior segments of the 
upper lobe and the middle and lower lobes expanded readily without evidence of air leak 
or blood loss. 

Path olopic Report .—The specimen consisted of the apical segment of the upper lobe of 
the right lung and a small fragment of bronchial stump. The segment of the lung was 
collapsed and'’contained in the apex a rounded, thickened, yellowish nodular area, 2 cm. in 
diameter. The pleura over this area was grossly thickened but intact. Beneath this white 
nodular area, there was a small area, 1 cm. in diameter, of necrotic lung tissue containing 
much blood and fragmented tissue. Also included was a small fragment of bronchia 1 
stump which consisted of an ellipse of bronchial tissue curled upon itself. On microscopic 
examination, sections of the lung revealed a solid neoplastic process located wit Inn the 
parenchyma and partially covered by pleura. The tumor was composed of elongated fusiform 
fibroblastic cells which in some areas produced small amounts of collagen. The cels vere 
well differentiated and showed no pleomorphism and infrequent mitotic figures. T m tumor 
was moderately vascular and contained irregular thin-walled sinusoidal channels, oi 
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most pait, empty of blood. Areas of interstitial edema, interstitial hemorrhage, and early 
liquefaction were observed. There was no evidence of a tuberculous inflammatory reaction 
within the adjacent parenchyma. A section of the bronchial stump revealed no abnormalities. 

Diagnosis .—Neurofibroma of the lung (Figs. 3 and 4). 

Portopeiative Course.—The po^toperatne course was uneventful. Re expansion of the 
remainder of the lung was complete witlun forty eight hours and the wound healed per 
primum (Fig. 5). There was no evidence of activation of tuboiculosis, but she contimied 
on tlie antituberculous regime in the hospital until No\. G, 1^54, because of this possibility. 
No c\idence of TOcurrenco has been found twenty one months later and the patient has 
remained well in all respects. 



Fig. 5—A piojection maile about eight weeks following surgeiy, which shows complete rc- 
expansion of lung with minimal pleural reaction. 

COMMENT 

Prom the paucity of the literature and tlie cases reported therein, it is 
apparent that any neurogenic tumor arising within tire lung substance is un¬ 
usual, and one which is henign and solitary is still more unusual. Of those 
reported in the literature, one was described as a nomiuoma, one as a neuri¬ 
lemmoma, and two as neurofibromata. A third neurofibroma, or the fifth 
benign neurogenic tumor fulfilling these requirements, is herewith reported. 
This tumor is notable in view of tlie fact that it was discovered and seemed to 
increase in size while the patient was undergoing treatment for active pulmonary 
tuberculosis in the contralateral lung. It has been repc. ’ *'■ • n ,1-iJdence 

















A BRONCHOSCOPIC TABLE DESIGNED FOR OFFICE USE 
Joseph L. Manoiardi, M.D. 

Garden City, N. Y. 

T IIE current trend toward outpatient and office bronchoscopy has neces¬ 
sitated many modifications of equipment, depending upon individual taste 
and facilities. Three years’ experience with office endoscopy has influenced 
me toward a gradual change in concept of a well-functioning bronchoscopy 
unit with particular emphasis on efficiency and convenience. The necessity 
for conserving space and personnel has led to progressive concentration of 
equipment. This has eventuated in the construction of a single unit. This is 
essentially a converted office examination table, modified, to incorporate the 
use of a motor-driven headrest, reflector light, power spray, suction system, 
battery system, and instrument receptacle for bronchoscopie implements. 
Little or no assistance is needed during the operation and very little space is 
required. This unit has functioned so smoothly that it appeared worthy of 
publication. 

In Fig. 1, the small size of the table, identical to preconversion size, is 
demonstrated. It is not conspicuous as a special operating table and can be 
used for ordinary office examinations. As noted from this view, the headboard 
has been taken apart, sawed across, and reattached with hinges and re- 
upholstered. The stirrups have been removed. In the left stirrup holder, an 
adjustable light has been built in for use until the head mirror, when ad¬ 
ministering anesthesia. Through the right stirrup holder slides a power-spray 
line, the tip of which prevents it from falling through. When administering 
anesthesia this is attached to a power-spray bottle. "When not in use the line 
falls back by gravity. It just clears the floor in neutral position. 

The patient sits upright on the table during anesthesia. The armboard 
has been modified by putting a hole in it at an oblique angle. Through this 
opening a megaphone-like receptacle can be inserted to hold the instruments 
during bronchoscopy. 

In Fig. 2, the headrest and controls arc seen as a close-up. The megaphone 
receptacle is in position. The two paired objects built into the side of the 
table are battery light controls, each with its own red pilot light to prevent un¬ 
detected battery wastage when not in use. Adjacent to each pilot light is an 
off-on switch-rheostat combination. These have a wide range of selectivity, 
obviating any sudden increase in power which may cause burning out of tl‘ 
bulb. They are situated for convenience within easy reach of the operato 
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ol bronchogenic carcinoma in autopsied eases of active pulmonary tuberculosis 
is about, 1.4 per cent. 0 However, the association of solitary tumors with pul¬ 
monary tuberculosis is quite rare and, since such lesions may well be malignant, 
surgical exploration and resection to the extent indicated by the nature of the 
lesion is the treatment of choice. The possibility of associated serious lesions 
must be kept in mind during the treatment of all tuberculous patients to prevent 
such lesions from reaching a stage of inoperability before they are recognized. 

SUMMARY 

Benign primary intrapulmonary tumors of neurogenic origin are rare 
within the lung, although similar tumors arc found fairly often extrapleurally 
within the thorax. A case of neurofibroma of the right upper lobe, associated 
with active pulmonary tuberculosis, is reported. This appears to be the fifth 
such tumor to be described and the first in which there was an associated 
pulmonary tuberculosis present. It was of interest that this tumor was seen 
to expand in size while the patient was undergoing medical treatment for 
active pulmonary tuberculosis. 
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The motoi eontiol for the headiest is situated dneetl} beneath the head 
lest within easy ieaeli of the opeiatoi In the hon/ontal plane the leyei is in 
neutral position, w hen 1 aised up\i ai d the headi est is di i\ en upw ard, w lien 
deflected dounwaid the headiest is loueied The motoi can be stopped at anj 
time m eithei dnection by snnplj lotmning the leyei to the neutial position 
Headiest position can be yaned fiom 60 degiees m the upivaid evtieme to 90 
degiees in the low eied position 

It is of additional interest that motoi eontiol can be effected bj eithei 
hnee action 01 fingei opciation This facilitates head laising 01 lowering bj 
the operatoi while looking thiough the bionchoscope without the sudden 01 
jolting motions often experienced mth mechanical systems Anothei 1111 
poitant featuie is the utilization of limit switches, applied to the lack which 
moyes the headiest These automatically tup the powei when the headiest 
leaches eithei extieme position obnatmg the necessity to manually stop the 
motoi when these dangei points aie leached 

To the nght of the motoi eontiol aie foui built-in batteiy teimunls 
Usually the bionchoscope is poweied by the uppeimost pan and a telescope 
fiom the lowei Between the two upper teimmals is a blown tip wit a 
temoyable tight nibbei coyei yvlien not m opciation This yias designed toi 
use with the Bioj le bionchoscope but I do not use it 

Between the lowermost batteiy tcinunnl is the suction spout winch is con 
nceted by tubmg to the suction tip thiough a two hole lubboi sUippei ut a 
specimen jar This is used as a handle to manipulate the suction tip While 
in the megaphone receptacle, the weight of the jar picients lotation and suck 
mg up of its contents, although the jai can be emptied at anj time by simplv 
turning it upside down When btonchial washings aie taken, thej aie sent to 
the laboiatoiy m the same jai which is casilj detached and 1 eplaced bj a clean 
one Likew iso, sepal ate w ashmgs can be taken fi om both sides 

It should be noted that all conttols and opeiations aie within immediate 
and conycnicnt ieaeli of the opeiatoi Incidentally, this table was designed 
foi a light handed surgeon but could be used by a left handed peison since the 
controls aie neithei delicate nor sensitnc 

The ady antages of the megaphone like receptacle ai e oby ious The suction 
tip 01 telescope can be leached foi and returned quicklj and smoothly yyithout 
assistance and yvithout haying to turn aiound to ieaeli foi them 

It is appaient. dining bionchoscojiy that thcie is no confusion of y\nes or 
tubing fiom table to table oi m fiont of the opeiatoi No otliei pieces of 
equipment aie seen except the table Assistance is usuallj unnceessaij The 
sum total of these ady antages is simplicity yyliicli is icadily appicciated by the 
endoscopist It is belleyed that man} of the ady antages of the table yyouhl 
still obtain in the opeiatmg loom 

In Tig 3 , the inteiioi of the table is seen The cabinet dooi is open The 
foimci cabinet space has been stupped of paititions and foimei backiest In 
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Fig-. 1—Hear view of bionchoscopy table Uppermost drawer pulls foiward to supply evtia table length See text 
Fig 2—Heail view of bronchoscopy table This view demonstrates headiest, motor control lever, batteiy terminals, suction and 
blower tips, single mam switch with pilot light, and turn battery controls with individual pilots Note also megaphone-receptacle in 
position, containing right-angle telescope and suction tip \\ ith built-in collecting jai used as handle 


\oi me 31 lUiONCiio^roin jahii 1 on omen u«r -,01 

Vumbcr -I 

the foicgiound is a suction blowei with appiopnatc bottles A blowei outlet 
bifuicites, one going to the powei spiaj line at tlio leai of the table, and one 
to the conti ol panel 

The suction tube extends onlj to control panel Battenes aie on the left 
and almost hidden fioni new The suction motoi is eisilt i emoted To pic 
tent tilnations, the suction motoi is hcatilj padded tuth sponge mbbei In 
the bachgionnd is a 1/12 hoisepottei motoi tilth built m geai box The shaft 
is suppoitcd lit a single biace fiom the bottom of the table On the shaft is 
mounted a single goal ttInch motes the headiest lack one inch pei second, 
thus, only one external gen is neeessin (hidden bj suction motoi) 

Note the dotation limit suit eh mounted abote the lack to tup pottei it 
the limit of dotation A snail n sttiteh which is hidden lit the suction motoi, 
limits depicssion 

Tn Pig 4, the in icliine is m opeiation 

COtlMEXr 

It is not the puiposo of this pipei to lecomniond office btonclioseopt m 
picfeionce to opciating loom bionchoscopt It mat be of inteiest to state that 
onlt a fett mild leactious to anesthesia lute been cueountcied Although 
accidents mit oecm aimtlicic at enhance of pool usk patients those with 
allot gic lustoues, and the use ot t/ 2 pci cent pontocanic in small amounts has 
ntinimi/ed the possibihlt of reaction An emeigcnc) medication—caidiac auest 
pack is kept inside the table but foi tunateli has net ei been used 

Patients aic admitted to the office, without bieakfast one horn pnoi to 
bionchoscopt at which tune tlics aic sedated with moiplune atiopnie and 
Nembutal PolloMing bionchoscopt, thet me affoidcd a lest peuod of one hour 
aftei which the} are pei nutted to leatc the office We lmtc found that both the 
patients and then icfeiimg plitsieians aie lughlt m fitoi of this as an office 
procedmc 

sinmtnx VXD CONCLUSIONS 

1 A bionchoscopt table has been designed foi office use which has the ad 
tantages of motoi dmen headiest, built m flexible light, built in batten powei 
souice, built m suction powei spiat unit, and a built in megaphone leceptacle 
foi instillments 

2 Little oi no assistance is lequiied duung bionehoscopi due to the ad 
mitages affoided lit the table 

I Complete bionchoscopt can be pcifoimcd with teit small space loqune 
nn nt 

4 Office bionchoscopt can be pcifoimcd with minimal usk and gieat 
idt outage to both the patient md lus phj sician 



560 


mangiabdi 


J. Thoracic Surg. 
April, 1957 



Fig. 3.—Interior of bronchoscopy table. See text. 



Fig. 4.—Bronchoscopy table in operation. Note controls, megaphone-receptacle with 
suction tip and built-in sputum jar handle. Note motor control in neutral position. Broncho¬ 
scope and right-angle telescope wired and in use. 
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Evarts A. Graham 


The Editorial Board and Publishers of the Journal of Thoracic 
Surgery announce with deep sorrow the death on March 4 of Dr. Evarts 
A. Graham, Editor of the Journal since its inception in 1931. 

Dr. Graham’s guidance was felt in every matter which concerned 
the Journal. His responsibilities and interests, many of them world¬ 
wide, did not preclude his careful reading of manuscripts and his wise 
and kind direction even in details of editing and publication. 

An obituary will be published in an early issue of the Journal. 
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37. Alterations in Renal Hemodynamics During and Following Resection of 
tire Thoracic Aorta for Aneurysm. George C. Morris, Jr. (by invitation), 
Raymond R. Witt (by invitation), Denton A. Cooley, John M. Moyer (by 
invitation), and Michael E. De Bnkcy, Houston, Tex. 

IS. Physiological and Pharmacological Studies of Collateral Pulmonary Flow. 
David State (by invitation), Peter F. Salisbury (by invitation), and Peter 
Weil (by invitation), Eos Angeles, Calif. 

10. An Experimental Appraisal of tho Finney Pyloroplasty in the Prevention 
of Esophagitis Following the Heller Myotomy. Paul \\\ Herron (by invita¬ 
tion), George I. Thomas (by invitation), and K. Alvin Mcrondiuo, Seattle, 
Wash. 

*20. Esophageal Motility in Achalasia (Cardiospasm) After Treatment. Brian 
Creamer (by invitation), Arthur M. ODen, Colin B, Holman (by invita¬ 
tion), and Charles F. Code (by invitation), Rochester, Minn. 

21. Postoperative Sodium Excretion Following Administration of Hypertonic 
Sodium Chloride Solution. Joseph L. Kovarik (by invitation), ami John 
V. Laws (by invitation). Sponsored by Hiram T. Langston, Chicago, Ill. 

22. Anatomic and Pathologic Studies of the Thoracic Duct. Harvey W. Kausel 
(by invitation), Thomas S. Reeve (by invitation), Arthur A. Stein (by 
invitation), Ralph D. Alley, and Allan Stranahan, Albany, N. Y. 

23. The Study of Ventricular Fibrillation by Threshold Determinations. Nor¬ 
man E. Shumway (by invitation), John A. Johnson (by invitation), and 
Richard J. Stish (by invitation), Minneapolis, Minn. Sponsored bv F. 
John Lewis, Chicago, Ill, 

24. Direct Surgical Procedures on the Coronary Arteries: Experimental Stud¬ 
ies. Ormond C. Julian, M. Lopcz-Belio (by invitation), and Donald Moore- 
head (by invitation), Chicago, III. 

23. Ligation of the Internal Mammary Arteries as a Means of Increasing 
Blood Supply to the Myocardium. Robert F. Glover, and Julio C. Davila 
(by invitation), Philadelphia, Pa. 

2G. The Gradual Closure of Interatrial Defects. Robert B. Benjamin (by invi* 
tation), Robert S. Flom (by invitation), St. Paul, Minn., and F. John 
Lewis, Chicago, III. 

27. Physiological Considerations of Intracardiac Pressures Following Closure 
of Atrial Septal Defects. Henry T. Bahnson, and G. Rainey Williams (by 
invitation), Baltimore, Mil. 

28. Transplantation of the Homologous Canine Heart. Salem F. Sayegh (by 
invitation), Max Halley (by invitation), and Oscar Creech, Jr., New 
Orleans, La. 

Monday Afternoon, May 6, 2957 

2:00 P.M. Executive Session. (Limited to Active and Senior Members.) 

3:00 p.M. Scientific Session: Regui.au Program. 

Address of the President, Cameron Haight, Ann Arbor, Mich. 

Some Observations on Esophageal Atresias and Fistulas of Congenital 
Origin. 

29. Intrapericardial Bronchogenic Cysts: Report of Two Cases and Probable 
Erabryological Explanation. C. Harwell Pabb? (1 iy invitation), E. Converse 
Peirce, II (by invitation), Knoxville, Tcnn., and Ralph Berg, ,Tr., Spokane, 
Wash. 

30. Primary Repair of Traumatic Rupture of the Thoracic'Aorta. Robert G. 
Pontius (by invitation), Boston, Mass,, and Oscar Creech/.Tr New Or¬ 
leans, La. 
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5. A Study of the Hole of Drug Resistance in the Surgical Treatment of Pul- 
monary Tuberculosis (Period January 1947—June 1956). William R. 
Sweet man (by invitation) and John M. Salyer, Denver, Colo. 

0. The Value of Routine Pulmonary Function Studies in Thoracic Surgical 
Cases. Hurst B. Hatch, Jr. (by invitation), Joseph IC Bradford (by invita¬ 
tion), and Alton Ochsner, New Orleans, La. 

Saturday Afternoon, May L 1957 
2:00 P.M. Scientific Session: Rkgulau Program. 

7. Rigid Plastic Prostheses in Vascular Surgery. F. N. Byron, Josh Fields 
(by invitation), Augustus Poster (by invitation), and Richard nood (by in¬ 
vitation), Beverly Hills, Calif. 

8. Diagnostic and Physiologic Measurements Using Left Heart Catheteriza¬ 
tion. V. S. Blakemore (by invitation), T. G. Schnabel (by invitation), 
P. T. Kuo (by invitation), and H. B. Conn (bv invitation), Philadelphia, 
Pa. 

9. Effect of Exercise on the Diastolic Atrio-Ventricular Gradient in Mitral 
Stenosis. Robert S. Litwak (by invitation), Philip Samet (by invitation), 
W. H. Bernstein (by invitation), Leonard Silverman (by invitation), Hy¬ 
man Turlcewitz (by invitation), and Milton E. Lesser (by invitation), 
Miami, Fla. 

10. Surgical Treatment of Transposition of the Aorta and Pulmonary Artery. 
Thomas G. BafFes (by invitation), William L. Riker (by invitation), Arthur 
DeBoer (by invitation), and Willis J. Potts, Chicago, Ill. 

11. The Use of a Mechanical By-Pass During Cross-Clamping of the Aorta. 
Harold King (by invitation), and Harris B. Slnunackcr, Jr., Indianapolis, 
Ind. 

12. Elective Cardiac Arrest: An Adjunct to Open Heart Surgery. Donald 
B. Effler, Laurence IC. Groves (by invitation), Harold P. Knight (by in¬ 
vitation), Wilhelm J. Kolff (by invitation), and F. Mason Sones, Jr. (by 
invitation), Cleveland, Ohio. 

13. Experiences With the Use of Cardioplegia (Induced Cardiac Arrest) in the 
Repair of Interventricular Septal Defects. Conrad R. Lam, Thomas 
Geoghegan (by invitation), Charles Sergeant (by invitation), and Edward 
Green (by invitation), Detroit, Midi. 

6:30 p.M.—S:30 p.m. Cocktau, Party. Informal. Palmer House. 

Sunday, May 5, 1957 
No Scientific Session 

For Motion Picture Session consult official program. 

Monday Morning, May 6, 1957 

8:30 a.m. Scientific Session: Thoracic Surgery Fohum. 

14. The Effects Produced by Various Types of Pump Oxygenators During Two- 
Hour Partial Perfusions in Dogs. Marian E. Molthan (by invitation), 
Stanley Gianelli (by invitation), Richard J, Best (by invitation), James 
A, Dull (by invitation), and Charles IC Kirby, Philadelphia, Pa. 

35. Acid-Base Balance During Prolonged Cardio-Respiratory By-Pass. Matthias 
Paneth, Traveling Fellow of the Association, 1956-57 (by invitation), 
London, England, M. Nazih Zuhdi (by invitation), and William Weirich 
(by invitation), Minneapolis, Minn. 

16. Coronary Perfusion as an Aid to Open Heart Surgery Under Hypothermia 
in Man, J. V. Maloney, Jr. (by invitation), S. A. Maniblc (by invitation), 
and W. P. Longmiro, Jr., Los Angeles, Calif. 
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A REVIEW OF 34 CONSECUTIVE CASES OF PNEUMONECTOMY, WITH 
AND WITHOUT CONCOMITANT THORACOPLASTY, IN THE 
TREATMENT OF TUBERCULOSIS 

John L. Shek, M.D.,* and Gordon D. Myers, M.D.*' 

Rome, Oa. 

G REAT strides have been made in the surgical treatment of pulmonary 
tuberculosis since the concept of resection was brought into the recent 
literature by Freedlander, 1 in 1935. Jones and Dolley, 8 Janes, s and Sweet' 
followed up with reports of lobectomy and pneumonectomy' in the treatment 
of tuberculosis in the ensuing ten years. Overliolt 5 and Chamberlain 6 and their 
associates, applied the knowledge of segmental anatomy of the lung in the 
resection for the disease, as Churchill and Belsey, 7 and Blades 8 had first made 
use of it in excisional surgery for bronchiectasis. With the improved knowl¬ 
edge of anesthesia, blood transfusion, pulmonary physiology and anatomy, 
thoracic surgery, the introduction of antituberculous drugs, and a better con¬ 
cept of tuberculous pathology', pulmonary resection of different magnitude has 
well established itself as another definitive surgical treatment for tuberculosis. 
Attention, therefore, has been focused more toward the refinement of surgical 
technique and postoperative care to improve further the already' noteworthy 
results. ^ 

Literature has been abundant with reports of series of cases of resection 
for the treatment of pulmonary tuberculosis. It has become apparent that the 
most dreaded complication and the major cause of postoperative, and even de¬ 
layed mortality, is the notorious bronchopleural fistula. Although faulty tech¬ 
nique in the closure of the bronchus stump could, and does, occasionally ac¬ 
count for the fistula formation, it is, however - , agreed that the intrinsic disease 

Received for publication April 2, 195G. 
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31. The Electro-encephalogram in Patients Undergoing Open Intracardiac 
Surgery With the Aid of Extracorporeal Circulation. Richard A. Theve 
(by invitation), Robert T. Patrick (by invitation), and John W. Kirklin, 
Rochester, Minn. 

7:00 P.ir. Cocktails, Banquet, and Dancing, Palmer House. 

Attendance Limited to Members of the Association and their ladies, in¬ 
vited speakers and their ladies. 

Dinner dress preferred. 

Tuesday Morning, May 7, 19,57 
9:00 a At. Scientific Session: Regular Program. 

32. Cine-Fluorography in the Evaluation of Neuromuscular Diseases of the 
Esophagus. Frederick S. Cross, Earie B. Kay, and Geoige F. Johnson (by 
invitation), Cleveland, Ohio. 

33. Esophageal Hiatus Hernia of the Diaphragm: An Analysis of Surgical 
Results. George R. Humphreys II, Jose M. Ferrer, Jr. (by invitation), and 
Philip D. Wiedel (by invitation), New York, N. Y. 

34. An Operation for Hiatus Hernia With Short Esophagus. J. Leigh Collis 
(by invitation), Birmingham, England. 

35. Traumatic Rupture of the Diaphragm—Clinical Manifestations and Surgical 
Treatment. Gerard Desforges (by invitation), John W. Strieder, Joseph 
P. Lynch, and Irving M. Macloft', Boston, Mass. 

36. Reconstruction of the Esophagus With Segments of the Colon. William E. 
Neville (by invitation), and George H. A. Clowes, Jr., Cleveland, Ohio. 

37. Primary Tumors of the Heart: A Surgical Problem. J. Gordon Scanned, 
and Hermes C. Grillo (by invitation), Boston, Mass. 

Tuesday Afternoon, May 7, 1957 
":00 p.m. Scientific Session: Regular Program. 

38. Ventriculoplasty for Cardiac Aneurysm. C. P. Bailey, H. E. Bolton (by 
invitation), and R. A. Gilman (by invitation), Philadelphia, Pa. 

39. Visual Repair of Congenital Aortic Stenosis During Hypothermia. Henry 
Swan, S. Gilbert Blount, Jr. (by invitation), and Robert H, Wilkinson (by 
invitation), Denver, Colo. 

40. Surgical Treatment of Stenotic or Regurgitant Lesions of the Mitral and 
Aortic Valves by Open Cardiotomy. C. Walton Lillehei, Richard A. DeWall 
(by invitation), Vincent L. Gott (by invitation), and Richard L. Varco, 
Minneapolis, Minn. 

41. The Surgical Correction of Aortic Insufficiency. Warren J. Taylor (by 
invitation), Wendell B. Thrower (by invitation), Harrison Black, and 
Dwight E. Harken, Boston, Mass. 

42. The Clinical and Physiological Criteria for the Surgical Correction of 
Mitral Regurgitation. Julio C. Davila (by invitation), P. Jumbala (by 
invitation), Robert G. Trout, (by invitation), and Robert P. Glover, Phila¬ 
delphia, Pa. 

43. The Application of Hydraulic Principles to the Coronary Circulation. 
Bernard L. Brofman (by invitation), and Claude S. Beck, Cleveland, Ohio. 
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Number ' 

through the usual posttrolateial incision and the pleural c*uit\ is entered through fifth rib 
lied Gieat caution is exercised in avoiding rupture into the tuberculous cnxitv and extra 
pleural dissection is used extensively, if necessiry without concern about maintaining an 
intact parietal pleura Oozing from the nxx surface of the chest wall is usually stopped by 
warm saline pads and this often ceised nftci roinoyal of the nl s The lung is iejected in 
tho usual fashion At this time, the general condition of the patient is estinnted and the 
blood loss calculated b\ tlic sponge weighing technique and the operative time is &urxevcd 
If tho patients condition is satisfactory local intercostal nerve block with one per cent pro 
came was carried out prior to subperiosteal resection of the second down through the seventh 
libs Posteriorly tho lcsection starts from within the latei il margin of the spinalis group of 
muscles, at times from the lex cl of the transxersc proccssis, anteriorly, to the midclavicular line 
of the second rib, in diminishing lengths to the seventh nb, which is mound the scapular line 
so as to allow the shoulder blade to fall m without ait) impingement The usualh shredded 
intercostal muscle bundles are then repaired to reform a more or hss complete partition 
between the pleural space and the subscapulnr space \ certain amount of tailoring is done 
to these bundles to reduce the size of the residual pleural space One intercostal drainage 
tube is left inside the space connected to a underwater seal system A tight dressing with a 
roll of cotton padding over tho dccostalized portion of the chest wall under the axilli is then 
ipplied to further immobilize the side and reduce the imount of possible mediastinal flutter 
mg \dequate tracheobronchial aspiration i« then done, usually without the necessity of 
bronchoscopy 

There is no special foatuie in the pottopirative cue Primirv attention is pud to the 
amount of dr image, which is measuxed, md the blood lo-s is, adequitch rcpl icul The tube 
is left in for 24 to 48 hours and longer in case*, where eontaimn ition suspected Tin 
pressuic dressing sometimes is necessary for ibout tyxo yyeeks, postopeiativclx 

Tins js a senes of 34 pneumonectomies clone conscuitiicli between Mai 
1953, until Febiuau, 1955, eluting which time a total of 225 icseetions ot 
canons extent wcie done, a peicentage of 15 1 These patients, theiefoie all 
liase had a postopoiativo follow up of at least 9 months AA T e aie quite aw ate 
that due to tlvc mnaculous effect of antituhciculous chugs in a mayoutx of 
cases, total lcsection of lung has become less and less indicated AVith the mi 
pi moment of suigieal technique, most of the casts that would hate called foi 
a pneumonectomy m the cailici days of suigieal excision now lequne onh loliai, 
oi lobai and segmental lesection Hemet ei, all the patients m this senes had 
a totally destioyed lung without a single segment that was woitli sale aging 
Thee all had had hilateial imohement at one stage The less imohed side not 
mficqucntlj had had catitaiy disease, hut those cases had impioied and 
stabilized, while the side with the majoi imohement piogiessed on to a stage 
of total dcstiuction in a few cases cithci in the foim of lcsidual giant an 
containing cystic icmnant of lung, oi, moie otten, to a umloeulai m multi 
loculai cayitaiy residue wnth patches of pneumonic changes Most of these 
cases weie considcied to lie onh sahagealile Table I will show the distilbution 
of cases in the two gioups, one with concomitant thoracoplastc and the othei with 
nonconcomitant thoiacoplastv In the nonconcomitant gioup, theie weie 2 
thoiacoplasty failures, one plomhage failuie, one pumaiy pneumonectomy with 
postiesection thoracoplasty, and 13 cases with pieresection thoiacoplasty' (Tlie 
adcantages of pieiesection thoiacoplasty have been elaborated upon m anotlici 
communication ) 23 
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m th'e bronchial wall and infection in the pleural space surrounding the 
amputated stump are responsible for its incidence in most eases. Tt lias also 
- become increasingly clear that failure to properly cope with the residual pleural 
space following resection of lung tissue usually precedes this complication. 
Thoracic surgeons working in this field have employed various means to handle 
the residual space, but no single solution has been agreed upon as yet. Many have 
explored the use of foreign body prosthesis, intraplcurally, cxtrapleuraily, or 
exti amusculoperiosteally, such as oil, Sirconium, Lucite sphere, Gel foam, 
Ivalon sponge, cellulose, Neoprene, Polyvinyl sponge, etc. 9 * 17 Some used air 
in the form of pneumothorax and pneumoperitoneum. These either have a 
limited usefulness, the acceptance has been controversial, or they have been 
proved to be undesirable. The only other recourse left to cope with the 
residual pleural space for the sake of lowering the likelihood of bronchopleural 
fistula and prevention of overdistention of the remaining lung tissue, ipsilatcral 
and/or contralateral, lies in the versatile thoracoplasty. There are many 
varied opinions regarding the desirabilily of thoracoplasty in conjunction 
with pulmonary resection. This paper is concerned only with the concomilant 
thoracoplasty and pneumonectomy. 

4 * 

Graham, in 1933, performed the first successful pneumonectomy and con¬ 
comitant thoracoplasty. Iverson and Skinner 1 ®* 19 reported its use in pul¬ 
monary tuberculosis. Samson, 20 Conklin, 21 and Cruickshank 22 and their asso¬ 
ciates followed with reports of encouraging results in selected cases. The 
advantages of the one-stage operation arc well elaborated upon by those 
authors in tlieir original articles. However, because of the greatly increased 
morbidity, such combined procedure has not gained general acceptance and its 
usefulness is, therefore, limited to strictly selective cases. However, wo believe 
that this procedure is stigmatized without being duly investigated. 

This paper reports a comparative study of 17 cases of pneumonectomy and 
concomitant thoracoplasty and another 17 cases of pneumonectomy without 
concomitant thoracoplasty performed consecutively over a period of 21 months, 
ending February, 1955. From a review of the various data, the authors are 
not particularly impressed with the increased morbidity in the postoperative 
period. In fact, it is felt that the postoperative course is comparatively more 
benign than in operations for primary pneumonectomy done without con¬ 
comitant thoracoplasty. An attempt is made first to establish the fact as to 
whether the two groups are of comparable composition regarding the factors 
of race, age, sex, extent of disease, activity of lesion, and length of preoperalive 
antibiotic treatment, etc. The two groups arc then compared as to their opera¬ 
tive and postoperative morbidity. Various favorable features of the combined 
procedure are also noted. 


TECHNIQUE 

TJ I0 face-down position is used. The anesthesia consists of Pontotlml sodium and 
Anectine induction with endotracheal intubation as soon as possible, and supplemented 
with nitrous oxide, oxygen mixture, and intravenous drip Anectine. Exposure is gamed 
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cavitation, granulating tissue, endobronchial disease, or even caseous pneu¬ 
monic process. Tile expression inactive disease is used to designate lack of 
such findings, as well as cases where only dormant fibrocaseous residue was 
present. Instances where only the controversial “healed cavity” or giant air- 
containing spaces of the lung were found are also regarded as inactive disease. 


Table II 



PATiioronio process| 

BACTERIOIOGY OF RESECTED SPECIMEN 

ACTI\E 

DISEASE 

INACTIVE 

PISFASE 

D. S. CUU I 
+ + 1 

I) S CUD. 1 
| + -1 

D. S CUE. j P. S. COL 


Combined procedure 13 4 7 5 1 4 

depurate procedure_15_2_8_6_1_2 


D. S. sb direct smear. 

CUL = culture. 

This was especially considered to be so when bactcriologic studies failed to 
show presence of tubercle bacilli. No special technique was employed to 
cultivate the bacteria, although some of them were incubated for a longer 
period of time than the routine six weeks. Again, the data in Table II docs 
not show any striking difference in results in the 2 groups. 



.... t'i1 Case No 27, R L S, a 28-year-old v.hfte v,Oman, yas admitted Sept. 28, 
ftr.TT r . D slie received numerous course * ■ ’ ' f streptomycin 

INAH, and PAS, preoperath ely. Lett anterior ami ■ y as performed 

onAus 20,1948 ; ■’ : * * 20.1.55 ■ ■ ■ cor pulmonale 

for two weeks broke ■ intlis Sputum 

i' n rL PO im!m. e PJVi 1 1 " ’ ‘ ‘ . *rted since Specimen show's destroyed lung with 

process of 6 being 6 * * active endobronchitis The patient is now in 


In respect to preoperative antituberculous drag therapy, all 34 patients 
have received treatment in various combinations over a period of time, averag¬ 
ing 26.1 months, with 2 cases of six months’ duration and 3 eases over three 
years. A minimum of eighteen months of drug therapy followed the resection. 
Bacteriologically, drug lesistanee assay was done in 23 of the 34 cases and 
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Table I 


! 

1 

I NUMBER 
OP 

SEX 

RACE 

! 

AGE GROUP ; 

AVERAGE 
LENGTH OF 
DISEASE 


1 CASES 

M | F 

WHITE | NEGRO 

16-39 I 20-29 I 30-39 140-49: 

YEARS 


Combined procedure 17 2 15 5 12 4 8 4 1 3.7 

Separate procedure_17 5_12_5_12_0_ 7 6 _4_ 4.4 


From Table I, it became at once apparent that the two groups are 
closely comparable as to the distribution of sex, race, and the average duration 
of disease, which was measured from the date when the diagnosis of pulmonary 
tuberculosis was established until the date of definitive operation. It indicates 
that, although the majority of patients in either group lies within the third 
and fourth decade of life, there was a tendency of the group until the combined 
procedure to be in the younger age limit. 



Fig. 1. 


Fig. 


... . ,, ,._ nn ,, or vpar-nul rCecro woman, was admitted Xov. 10, 1959. 

far advanced^D? 3 Sim received 14 mohths'bf strepton^in and P*£a-amtao-s^ 
and 14 months of isonicotimc aci^ ' 1> ' d pg,.formea' on*Fel>. 2, 1954, with uneventful recovery, 
pneumonectomy and Uiorncoplasty v e ® immediately and has remained so since. 

The sputum positne. i a rgc cavities, active endobroncliitis, and 

The specimen shows destroyed June' n '"_T« dtechareed home. Dec. 2S, 1954. 
caseous bronchopneumonia. Tne patient was cuscna b <■ c f q iqc :9 

caseous w w 9R. V ear-old Xeffio man. was admitted Sept. 8, 19 

far ad^L^ Se 4°re^ve| ifm^tiS o o g|ptomyci» and PAS^ and ^months 
and PAS, preoperatnely. A i ast on y e b 18, 1954, and has remained negative 

SK* BS St.’VSSyZJS^S. ’SWSFW - »o MM tuberculosis. He 
was discharged April 26, 1955. 


The following table (Table II) compares the degree and variety of patho¬ 
logic processes from the resected specimens in both groups. It shows that the 
two groups also have more or less similar data. In Table II. by active disease 
we mean that there is definite active tuberculous process in the form of eithei 
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The findings so Fni tabulated indicate that the two giou]is of patients who 
h i\i had a pneumom.otomj can be elosch compand with legnid to sex, lace, 
age gioup, extent of disease actixitx of disease, length of illness pnoi to 
siugeij, and length of picopciatixc and postopeiatnc chemotheiapy It 
would, therefoie, seem woitli while to mala n eompanson of the opeiatne and 
postopeiatnc motbulitj in the two gioups m an eftoit to uncox ei some indica 
tion as to wlictlici the concomitant pioceduie is as liskx an opciatioil as it is 
1 eputed to be 

riom the data m Table IV, wlueh listed postopeiatnc complications, theie 
is no piedonnnance of moibiditj late in eithei gioup The 2 eases of pio 
longed low glade fexei, lasting foi about one month postopci.itixelx aie be 
hexed to be due to a tubciculous piocess m tbc mediastinal lxmpli nodes which 
subsides undoi ticatmcnt with antibiotics without consequence The one 
bionchopleuial fistula, which dexcloped in the second week, postopciatneh 
was tieated with revision tlioiacoplastj, including resection of tiansxeise 
processes m the thud week The fistula appaicnth closed m the fouith week 
but the suliscapulnr infection peisistcd, leasing behind diaining sinuses along 
the incision at the piesent tunc The sputum, howe\ ei, conveitcd six months, 
postopomtixelj, and has lemained so since then which is about file months 
One patient dcieloped a localized tubciculous abscess along the incision and 
healed aftei incision and dianiage and topical application of lsomcotinie acid 
hydi azide (INAH) solution All 4 patients who dexcloped transient episodes 
of right heatt failuic had extensile bilateial involvement and one of them 
had miliary tubctculosis and proved meningitis They all lesponded leadilx to 
digitalization and otlioi suppoitixe measures and lecoxcied within one to txvo 
weeks One, xvho had had both anteuoi and postcuoi Monaldi drainage done 
sexen jeais befoie, had the anteuoi wound bieak down after the lesection 
It healed after fixe months of local tieatment All patients had some degice 
of hypeipnea, and a fexv had dyspnea m the fiist 48 limns, but none weie 
cyanotic foi more than a few minutes The tubciculous pcncaiditis occutied 
m the fourth month postoperatix ely, m the patient who ex entuallj died in the 
fifth month The data of these late postopeiatix e complications, theiefoie 
compare favorably between each gioup Upon lexiexving the liteintuio, it is 
noticed that thej compaio quite xvell with that of O’Buen and his eo w oikeis " 1 
who lepoited a senes of 49 pneumonectomies foi tubeiculosis done between 
1947 and 1952, with a moibiditx late of both eailj and late complications of 43 
pei cent and fixe deaths McBurnej and lus associates" 5 lepoited 20 cases of 
pneumonectomy foi tubei culosis peifoimed through Decembei, 1952, with com 
plications m 13 patients, 3 bad bronchoplcinal fistulas, and theie weie thiee 
deaths Baffes and associates,” 0 lexaexxed 72 pneumonectomies done betxveen 
1942 and 1951, and found 14 deaths, 3 cases of empjema, and 7 of spiead Al 
though it is lealized that these lepoits concern opeiations peifoimed in the 
earlier dajs of pulmonary lesection foi tubei culosis, it is felt that m spite of the 
limited size of this senes done betxveen May, 1953, and Febmarj, 1955, that the 
postopeiatixe moibiditj does not compare unfaxoiablx with pneumonectomx 
done xvitliout concomitant thoi aeoplastj 
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showed the usual pattern of conversion of organisms into resistant strains. 
Nineteen patients had preoperative conversion of sputum, with an average 
length of about 14.2 months before surgery. The sputum of 12 patients was 
converted directly and immediately after surgery, and in 2 converted six and 
seten months, respectively, subsequent to resection. Only in one case (2.9 per 
cent) has it remained persistently positive to culture, apparently from an 
ulcerated bronchial stump, diagnosed bronehoseopieally. It has remained 
refractory to both internal and local therapy. 

The average follow-up of these 34 eases is 19.0 months, ranging from 9 
months to 32 months, post operatively. To date, one patient, in the noncoin* 
bined-procedure group, died of acute fulminating tuberculous pericarditis 
(2.9 per cent). The lone ease of mortality involves a white man of 40, who had 
failed to show the anticipated amount of improvement under active medical 
regime and continued to run a downhill course with repeated bouts of hemop¬ 
tysis. A Lucite ball plombage was performed and it improved the patient’s 
general condition to a certain extent, but repeated hemoptysis later justified 
an emergency pneumonectomy. The patient improved and did well for three 
mouths, postoperatively. but died in the fifth month post operatively of acute 
fulminating tuberculous pericarditis. This patient’s sputum was converted 
directly after resection and remained so until the time of death. There was no 
death in the combined-procedure group. 

As to the present status of the remaining 33 patients who are still alive, 
Table III will show that 28 patients are well and have been discharged home 
with negative sputum. Of the 5 patients who are still hospitalized, all arc in 
the combined-procedure group. Three of them are being processed for dis¬ 
charge home as arrested cases of pulmonary tuberculosis, including the one 
with miliary and meningeal involvement. The remaining 2 still face an un¬ 
certain future, one with nudtiple incisional sinuses as a result of an infected 
subscapular space, secondary to bronchopleural fistula and empyema, and the 
other with an infected bronchial stump refractory to local and general treat¬ 
ment. The latter also has a positive sputum. Therefore, out of IT eases with 
concomitant procedure, 2 are still hospitalized; one with positive sputum. 


Table HI 



NUMBER of 

PATIENTS 

LENGTH OF TIME 
( postopekatively ) s 

SPUTl'M ANALYSIS 
(VOSTOPERATIVELY ) 

Discharged home 

28 

Within 6 months 6' 

Within 9 months 10 

Within 12 months 12 

Within 15 months 1 

All negative 

Hospitalized, hut in 
process of being dis¬ 
charged 

3 

(a) 7 months 

(b) 8 months 

(c) 13 months 

(a) Negative 7 months 

(b) Negative 8 months 

(c) Negative last 8 

months 

Hospitalized, but not 
likely to be dis¬ 
charged soon 

2 

^a) 11 months 

(b) 13 months 

(a) Negative for last 

5 months 

(h) Positive to date 

*1 against medical 

advice; 1 dis 

ciplinary discharge. 
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As to the operative morbidity of tliis combined procedure, which is 
reputedly higher than those procedures without concomitant thoracoplasty, we 
have also failed to find significant difference between the two groups. The 
following tables (Y and VI) are compiled from the anesthesia chart, the 
progress notes, and the nurses’ bedside notes. Table YU will show the com¬ 
puted average of each item from Tables V and YI. 

Anesthesia time was used as it is more accurately and constantly recorded 
than the actual beginning of the operative procedure. It is interesting to 
observe from the anesthesia chart that the blood pressure usually runs a con¬ 
stant level until actual subperiosteal resection of ribs, second to include the 
seventh, began. This additional procedure, which usually takes about 15 
minutes to 20 minutes, seems to be responsible for a drop on an average of 
15 mm. Hg and also a loss of another 200 to 300 c.c. of blood. The pulse rate 
usually rises on an average of 10 points per minute. These changes in the 
general condition of the patient, however, do not appear to be of great signif¬ 
icance nor serious enough to be called an increase in the operative morbidity. 
Iverson 10 reported, “Blood is administered during operative procedure in 
amounts up to 1,500 o.e. and continued after operation up to 2,000 to 2,500 c.c.” 
Our series shows an average of 2,000 e.c. administered in the operating room, 
and another 700 c.c. after the operation. An average of 1,250 c.c. of blood 
loss in the drainage bottle was measured in the postoperative period. The 
drainage usually stops entirely within the first 24 hours. \Ye have not en¬ 
countered any case of profound shook and in no instance was a drop in blood 
pressure not immediately responsive to acceleration of the blood transfusion 
rate in replenishing the blood level. Because of the necessity of the patient 
to readjust to the loss of the pulmonary vascular bed of one lung, though 
destroyed in respiratory function, the blood transfusion was given at a slow 
rate and no incident of pulmonary edema was encountered. 

As to the other features in the post pneumonectomy care of the patients, 
it is gratifying to note that in agreement with Iverson’s findings, no broncho- 
scopic aspiration was found necessary in this series. In fact, this is the most 
impressive feature of the postoperative period. All patients have an effective 
cough mechanism and no atelectasis of part of the contralateral lung has oc¬ 
curred. Only a few needed tracheal aspiration, especially those who had had 
a transient episode of right heart failure. All patients, however, do have some 
degree of hyperpnea which is not any more pronounced than in those having 
had a primary pneumonectomy. They usually became comfoi'table after the 
first 24 to 48 hours. 

Another one of the remarkable features of the postoperative period of such 
combined procedure is the total “freedom” from concern of a shifted medias¬ 
tinum and swing. Most of us will agree that in addition to the blood loss and, 
therefore, shock in pneumoncctomized patients, the main complication most 
dreaded is the mediastinal displacement in the immediate postoperative period. 
Many a death can be directly traced to this mechanical displacement of the 
mediastinum with its train of serious, if not fatal, alteration 
tory physiology. It is our feeling that in cases with 
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Table V. Cases With Concomitant Procedures 
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tin* decostalizcd (.‘host wall, allowing the shoulder blade structures to fall in, 
affords a much more solid support to the mediastinum than would a compres¬ 
sible cushion of air in an empty pleural space, as in the case of primary pneu¬ 
monectomy. This support is reinforced further by a tight pressure dressing to 
eliminate any paradoxical motion in that region. Allowing for the fact that 
there is no total obliteration of pleura] space by the described thoracoplasty, 
it is believed that the thin layer of coagulum in the residual space still provides 
a less compressible background. In all tlie 12 to 24 hour postoperative chest 
films in this series, the pneumonectomized “lung field” shows total opacity 
with no ail' pocketing in spite of the drainage tube. We believe that this firm 
support to the mediastinal structures prevents any dangerous degree of swing¬ 
ing and displacement. We also have never found it necessary to readjust the 
intrapleural pressure for correction. In fact, we feel that it is this more 
stabilized mediastinum that improves the efficacy of the cough mechanism, as 
less of its expulsive force is dissipated through a swing of the mediastinal 
structures. This more stabilized mediastinum and a pleural space that is 
greatly reduced by the concomitant thoracoplasty arc believed to allow ade¬ 
quate underwater drainage without the danger of overdeeompression and 
shifting of the mediastinum to a dangerous degree, as in the ease of primary 
pneumonectomy. 

It would seem, therefore, in the patients with concomitant pneumonectomy 
and thoracoplasty that there is no specific problem in the immediate postopera¬ 
tive period except for the blood replacement. We arc impressed by the rela¬ 
tively benign postoperative course of these patients in the critical postopera¬ 
tive period. It is, therefore, our feeling that this concomitant thoracoplasty 
improves or reduces the postoperative morbidity rather than otherwise. 

DISCUSSION 

It is not the intention of this paper to recommend pneumonectomy with 
concomitant thoracoplasty as a procedure to be applied to all routine eases of 
tuberculosis which require total lung resection. However, it is the purpose of 
this article, on a comparative study of 17 cases of combined procedure and 17 
comparable eases without combined procedure, to re-evaluate the degree of 
selectivity for application of this concomitant procedure. Our experience 
seems to corroborate the statement made by Iverson that the procedure does 
not materially increase the operative time, blood loss, or over-all morbidity. 
The efficacy of cough in the postoperative period is impressively enhanced 
over that following primary pneumonectomy. The "freedom” of concern 
about mediastinal swing and displacement is also a striking feature in the im¬ 
mediate postoperative period. As to the effect of thoracoplasty on the breath¬ 
ing capacity of the remaining lung, we have not come across any patient who 
suffers from increasing impairment. In patients who have a longer period of 
follow-up, there was no evidence of scoliosis tFic. -T' and. thus, no dec-reas«- 
o£ ventilatory effort with the passage of time is anticipated. This is primarily 
attributable to the preservation of relatively long anterior stumps of ribs and 
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due to the ineffectual coughing mechanism, in the presence of a flail chest wall, 
to evacuate secretions in the ipsilateral lung tissue. In combined lobectomy 
and thoracoplasty, when usually no more than a five-rib thoracoplasty is per¬ 
formed, the subscapular space is not obliterated by the falling in of the 
shoulder blade structure and thus the paradoxical motion of the decostalized 
chest wall persists under the scapula. Stead 18 has demonstrated the un¬ 
desirable features of such combined procedure very convincingly in his physio¬ 
logic studies. In the case of pneumonectomy, where there is no lung tissue left 
in the pleural space with a flail and decostalized chest wall, the danger of such 
complication, therefore, does not exist. 

In view of our experience with this combined procedure of pneumonectomy 
and thoracoplasty, we would like not only to corroborate the feelings of Iverson 
and Samson, but also to hope for udder application of this procedure. It is felt 
that, except in cases with serious contraindication, such as in the extreme of 
life, severe degenerative diseases, or blood transfusion reaction, etc., considera¬ 
tion of this procedure in appropriate eases should be seriously entertained. As 
to its usefulness in pneumonectomy for diseases other than tuberculosis, rc- 
cvaluation should also be made with renewed interest. Since Evarts Graham 
did the first successful pneumonectomy and concomitant thoracoplasty for 
bronchogenic carcinoma of the lung, this procedure has not been given the proper 
amount of evaluation and consideration to have it stigmatized as too radical an 
operation. It is felt that this procedure should he of help in the problem of the 
remaining space until such time, however remote, when the present difficulty 
in prosthesis will be resolved. The fact that tuberculous patients are conceded 
to be more likely to have a contracted blood volume, subnormal liver function, 
and be generally weaker than a person who has only short-term disease, such as 
carcinoma or lung abscess, one cannot help but wonder whether the satisfactory 
results in this series, however small it is, could not be duplicated, if not bettered, 
in nontuberculous patients. At least this procedure deserves the consideration 
of a surgeon who might find occasion to employ it. 

CONCLUSION 

A comparative study has been made of 17 cases of combined pneumonectomy 
and thoracoplasty and 17 cases of separate procedure, done consecutively over 
a period of 21 months. The two groups were compared first and found to have 
essentially similar composition as regards to race, sex, age groups, extent of dis¬ 
ease, activity of lesions ascertained from resected specimen, length of disease, 
and length of preoperative antituberculosis drug therapy. It ivas found that 
from these two comparable groups, the final results as to sputum conversion, 
arrest of disease, discharge status, and mortality rate, arc closely akin and 
also compare favorably with other series of primary pneumonectomy. It was 
also found that the operative and immediate postoperative morbidity rate were 
not as high as reputed to be, nor out of order when compared with that of other 
series. In fact, the increase in efficacy of cough mechanism and general lack of 
complications secondary to mediastinal displacement in the immediate postopera-'*''' - 
tivc period are especially impressive. It is, therefore, un -jited th 
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the transverse processes. In cases of a potentially infected pleural space, as in 
the patient who had a Monaldi tract, we were particularly gratified by the lack 
of empyema formation, a result, made possible, at least partially, by the safe 
and adequate drainage of the residual pleural space with the concomitant 
thoracoplasty. As stated, such space could be drained until all oozing and 
weeping had ceased, carmang with it most of the infected organisms, without 
the danger of overdecompression with shifting of mediastinum, as in case of 
primary pneumonectomy. In addition, the findings from the analysis of the 
group with combined procedure indicated that the operative and postoperative 
morbidity and mortality compares favorably, not only with the patients who 
had the separate procedure, but with other series of primary pneumonectomy 
as well. Samson, 27 in 1951, mentioned 15 cases of pneumonectomy and con¬ 
comitant thoracoplasty “with no innnediate postoperative complication of major 
concern. 5 ’ It is, therefore, felt that possibly the selectivity of this combined 



Fig. 4. Fig-. 5. 

Fig. 4.—Case Xo. 33. L. A., a 23-year-old white woman, was admitted 3Iarch 2, 1950. 
ar advanced, C. She received various combinations of streptomycin. XXAH, and PAS, and 
ineumoperitoneum for three years. A combined procedure was performed on July 29. 1953. 
,-ith uneventful recovery. Sputum was positive for the last time on Xcv. 3, 1952, and has remained 
legative since. Specimen shows destroyed lung with bronchiectasis, endobronchitis, and active 
uberculosis granulation tissue. She was discharged home June 24. 1954. 

Fig. 5.—Case Xo. 33. L,. A., same patient Film taken prior to discharge June 24, 1954, 
11 months postoperatively. It shows the lack of gross scoliosis. 

pneumonectomy and thoracoplasty should he less than formerly believed to he 
necessary. It is also felt that the notoriety given the combined procedure in 
the literature, as being a very risky operation, accompanied with high morbid¬ 
ity if not mortality, is not fully justified. It is unfortunate that a distinction 
has not always been made between operative morbidity and mortality of the 
combined procedure of pneumonectomy and thoracoplasty and that of lobec¬ 
tomy and concomitant thoracoplasty. The lung tissue in a freshly decostalized 
pleural cavity is more likely to be involved in complications such as atelectasis, 
poor re-expansion of lung, hemothorax, infection of pleural space, etc. This is 


EXPERIMENTAL INTERATRIAL SEPTAL DEFECT HEMODYNAMIC 
AND ELECTROCARDIOGRAPHIC STUDIES AT NORMAL 
TEMPERATURE AND DURING ARTIFICIAL HIBERNATION 


ViiKiii io A de Car\ \l.ho Pinto M D * 

S \o P ujlo, Br \zil 

T HE surgical lepan o£ the mtciatiial septal defect (IASD), a fault common 
malfoimation, lias been eairied out successfully in lecent ycais Such sue 
cessful clinical lesults ha\c been laigeh due to expeiimental studies Lack of 
data on seieial featuies 1 elated to IASD, such as the hemodynamic and electio 
caidiogiapliic changes domed fiom the cieat on and closme of the defect, has 
led us to the piesent lmestigation This papei is a lcpoit of our expel lence 
with the plixsiologic and suigieal aspects of the cication and closme of the 
IASD in the dog, undei diffeicnt conditions 

Ci cation and closme of a IASD in the same opeiatne sitting, undei noimal 
tcmpeiatme conditions and during aitifici.il hibernation, yyeie earned out in 
10 animals The lesults obtained undei stnctU homogeneous conditions yyerc 
submitted to statistical analysis 

XI OT RISL, AND Mr THODS 

Healthy, adult, male mongiel dogs, neighing 15 to 18 Kg, x\erc dmded 
into tuo gioups (1) Tuentj animals ueic opeiated on undei noimal tempeia 
tine conditions, (2) thntx animals y\cic opeiated on dining artificial hibcrna 
tion (hypotheimia obtained by phaimacologic means plus lefngeiation— 
Labont) In both gioups, the blood floyy yyas tempoianly occluded (40 to 50 
seconds) and the IASD created undei dnect yision Closme of the defect in 
Gioup I uas earned out according to the technique used bj Gross (1952) and, 
in Gioup II, undei dnect yisiou and mtciinption of blood flow (G minutes) 
Intiaeaidiac piessuie cimes in the left and light atna and light rentnele 
as uell as electioeaidiogiapluc tiacings m the classic, umpolai limb and dnect 
epicaidial leads yyeie recoided in all animals, befoie cieation of the defect, 
yylnle it y\as open, and aftei its closme In Gioup II, electroeaidiogiams yyeie 
also taken before opening the chest and aftei suigieal lepau, yvith closed chest 
and return to initial tcmpeiatme aftei reyxaimmg 

Anesthesia in Gioup /—Opeiations xicie peifoimed undei mtiayenously 
admimsteied Nembutal anesthesia (0 33 giam pei Kg of body yveight) 

Abrulgment of thesis ^ubmittel to the Medical School of the TJniiersfty of Suo Paulo 
(Brazil) for the degree of Pnvat Dozent 
Recehed for publication Vpril 9 195fi 

* Assistant Professor at the Department of Surgery and Experimental Surgery 
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tlie highly selective use of this concomitant pneumonectomy and thoracoplasty 
should be re-evaluated as to its range of applicability, not only in tuberculous 
patients, but in nontuberculous patients as well. 
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inferior venae cavae were dissected and mobilized. Cotton thread sutures (No. 
3-0) were placed around them. Two retraction silk sutures were placed on the 
atrial wall and a Satinsky clamp was placed on the same. The mean tempera¬ 
ture of dogs submitted to hibernation was 27.5° C. 

Creation of IASD Under Direct Vision .-—Interruption of blood flow in the 
superior and inferior venae cavae (Pig. 1). Section and removal of the greater 
part of the septum, creating a large defect through which the index finger 
could be introduced with ease, 1.5 em. in diameter (Pig. 2). Circulation was 
restored after 40 to 50 seconds of interruption. The atrial wall was closed 
with a running suture of No. 3-0 silk. The mean temperature of hibernated 
dogs was 26.3° C. 



Fir-. 2 —Defect created In the septum 


Closure of IASD .—Group I. The septal defect was closed according to 
Gross (Pig. 3) in the animals operated on at normal temperature. The atrium- 
remained open from G to 8 minutes. 

Group II. The septal defect was closed under direct vision in the In 
nated dogs. After reopening the original atrial '■ 0 f 1 
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Anesthesia and Hibernation in Group II .—Intramuscular Amplictil and 
Phenergan (Rhodia), 0.8 mg. per Kg. of body weight was used, followed by 
slow intravenous administration of Amplictil and Phenergan forty-five minutes 
later (0.8 mg. per Kg. of body weight), dissolved in 20 e.e. of saline solution. 
Slow, intravenous administration of Pentothal sodium (2.5 per cent), 0.003 
gram per Kg. of body weight. Endotracheal intubation. The animal was 
immersed in water containing ice cubes, until rectal temperature dropped to 
29° C., which occurred after 20 to 30 minutes. Artificial respiration was main¬ 
tained with Taka oka’s apparatus connected to an oxygen pump. There was 
intravenous administration of procaine 4 per thousand, plus Amplictil and 
Phenergan throughout the procedure. 



Fig". 1.—Interruption of the venae cavae. Satinsky’s clamp -withdrawn. Removal of interatrial 

septum. 

After surgery, rewarming was accomplished by placing the animal in a 
bath at 40° C., until temperature returned to normal level (approximately three 
hours). 

SURGICAL PROCEDURES 

Incision was through the fourth right interspace. Five cubic centimeters of 
1 per cent procaine was injected into the pericardium. The pericardium was 
widely opened ventrally to the phrenic nerve and retracted bj three sutuies. 
Dissection and ligature of the azygos vein were carried out. The superior and 
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venae cavae, pulmonary artery and aorta up to the origin of the coronary 
arteries (Figs. 4 and 5). The septal defect was closed under direct vision, 
with Atraumatic needle, No. 3-0 silk, by three stitches. Cardiac and thoracic 
cavities were flooded with saline solution. Suture of atrial wall with separated 
stitches, after restoration of circulation. There was interruption of circulation 
in the venae cavae for 0 minutes (1.5 for suture of defect). The mean tempera¬ 
ture of the hibernated dogs was 25.7° C. 

Standard closure of the chest. The animals were sacrificed the day follow¬ 
ing the operation. 



/ 

Fig. 5—Complete closute of interatrial septal defect. 

RECORDS OF INTRACARDIAC PRESSURES 

Pressures iu light and left atria and right ventricle were recorded by 
means of the Sanborn electromanometer, model 121-A, during the three surgical 
stages; prior to creation of IASD, when it was open, and after its closure. 

For the atrial pressure measurement, the average and instantaneous pres¬ 
sures were considered. The former was obtained by planimetric integration 
and the latter at the extreme values of the following waves (Fig. 6): 

Wave A—positive wave, corresponding to the elevation of the intra-atrial 
pressure, determined by the contraction of atrial walls. 
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AA r ave B—positive wave, deteimincd bj the lnciease of mtraatiial pics 
sure at the moment m which the atiioventiicular valves me 
closed 

AA’avc D—positive wave which expicsses atrial filling, dining the period 
at which the atnoventriculai valves are closed 
AVave A'—negative wave eoiresponding to the end of the atnal svstole 
AA r ave A’—negative wave which follows the D wave and pieeedes the 
A wave, expicsses the degices ot atnal emptying, after open 
ing the atiioventueulai valves 

Foi the ventiiculai piessme mcasuieinent, the avetage and instantaneous 
picssures wcic tahen into consideiation The first was obtained In planinietiic 
intcgiation and the lattci at the oxticme values of the following waves 

Ps,—positive wave of the ventiiculai citne, (onesponding appioxnnatcl} 
to the end of the isometiie contiaction 
Ps.—positive wave following a negative deflexion aftoi Ps, 

Pdi—negative wave aftei the isometiie iclaxation 

Pd.—negative wave at the end o£ the ventiiculai sv stole 

The lionicnclatuie used was suggested by Boiges (1953, 1954, 1955), based 
on the studies of AA T cnehcbach and AVinteibeig (1927) foi the atnal pressures 
and on the liomenelatiue adopted bj the Laboiatoiy of Hemodjnamics of the 
National Institute of Caidiologv of Mexico foi the ventiicular pressures 

ELECTROC VnDIOUR VPI1IC STUDV 

Electioeaidiographie tracings were leeoidcd bj means of the Also Caidiettc 
Sanborn appaiatus model 52, undoi the usual conditions of film speed and 
amplitude padi on motion Classic leads (1),, D., D 3 ), unipolar limb leads of 
Goldbcigei (uAU, aVL, aA r F), and diicct opieardial leads weie taken with the 
animal in the same position (left lateial decubitus) 

Sequence of tiacmgs 

a Animals opciatcd on at normal tempo ntui c Classic and umpolai limb 
leads of the anesthetized animal, aftei opening of the chest, epieardial leads 
befoie cieation of IASD, cpieaidial leads after cication of the IASD, classic 
and unipolar limb leads after cieation of IASD, epical dial leads aftei closuic 
of IASD, classic and umpolai limb leads aftei closuie of IASD, with open 
chest 

b Animals opciated on mi (In aihfuial hibernation Classic and unipolar 
limb leads of the animal at lioimal tempeiatuic, classic and unipolar limb leads 
of tlu. hvpotlicimic animal, a Hu opening the chest cpieaidial leads before 
cieation ol IASD, opium dial leads aftei cieation ot IASD, classic and unipolar 
limb leads aftei cieation of IASD, epicaidial leads aftei closuie of IASD, 
classic and umpolai limb leads aitei closuie of IASD, classic and umpolai 
limb leads aftei lcwainung to uoimul temporatuie 

The direct epicaidnl leads weie taken accoidmg to Baibato (1952) Tiac 
nigs weie studied accoidmg to classic mles of clectiocaidiogiaphy and, of 
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Fig. G.— Records of intracardiac pressures of Observation No. 30. 
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FECH-PER—changes caused by the closure of the IASD to the values 
observed while it was open. 

FECJT-PRK—relations between values observed after closure and those 
prior to creation of IASD, 

AQ-FECII—modifications produced by rewarming to the values ob¬ 
served after closure of IASD. 

AQ-NM—relations between values observed after rewarming and those 
of normal temperature. 

The percentage variations were obtained by the following relations: PRK- 
NM/|NM| ; PER-PRti/|PRli|; FECH-PER/|PER|; FECH-PRe/|PRE| ; AQ- 
NM/|NM|. The denominator represents the absolute value. 

The several items studied, concerning hemodynamic and electrocardio¬ 
graphic findings, are presented in tables and analyzed according to their maximal 
and minimal values and arithmetic mean, standard deviation, test of mean 
difference and distribution of cases, according to one of the three following 
conditions: positive difference (increased); negative difference (decreased); 
null difference (unaltered). 

Percentage variations were used and, the increase or decrease of the 
values above 10 per cent or below—10 per cent, respectively, was considered. 

RESULTS 

The results refer to data obtained only under sinusal rhythm; 

1. Intracardiac pressures of dogs operated on under normal temperature 
conditions (Table I, Fig. 7). 

2. Intracardiac pressures of dogs operated on during artificial hibernation 
(Table II, Fig. 8). 

3. Electrocardiographic tracings of dogs operated on under normal tempera¬ 
ture conditions (Table III, Fig. 9). 

4. Electrocardiographic tracings of dogs operated on during artificial 
hibernation (Table IV, Fig. 10). 


DISCUSSION 

Several investigators have reported different techniques for the production 
of the interatrial septal defect, some by blind techniques, others under direct 
vision, or with the aid of special instruments. The production of IASD brought 
us tlie first technical problems. As the defect should be relatively large, the 
greater part of the septum had to be removed. It appeared desirable, therefore, 
to create the lesion under direct vision, according to Swan and co-workers 
(1950). Standardization of the operative procedure enabled us to create the 
defect in a relatively short time (40 to 50 seconds), with good results. 

After recording the intracardiac pressures and the electrocardiographic 
tracings during the presence of the IASD, closure was performed. 

The experimental approach to direct vision surgery of the heart is being 
studied at the present time by several authors, with the use of extracorporeal 
circulation, hypothermia, and extracorporeal circulation ' +<vl „yyi-J- 
thermia. 
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each observation, the following items were analyzed: rhythm, frequency, P 
wave (duration, amplitude, P angle, slurring and notch), P-R interval, QRS 
complex (duration, amplitude, QRS angle, slurring and notch), electro¬ 
cardiographic position of the heart, Q-T interval and R/S relation of direct 
ventricular epicardial tracings. 

To remove the influence of frequency on the P-wave duration values, P-R 
interval, duration of the QRS complex and on the Q-T interval, P c , P-R Cl QRS C 
and Q-T c were studied, respectively, according to the following formulas: 

P C) that is, the duration of the “corrected” P wave, according to the 
formula P-P c (R-R), 012196 modified from Fujiwara (1939). Before using it, 
a statistical test was made.’' This demonstrated its adaptability to our cases. 

P-R e , that is, the “corrected” P-R interval, obtained by the same formula 
used for P, also adaptable to our data. 

QRS C , that is, the duration of the “corrected” QRS complex, calculated 
according to the formula QRS = QRS C R-R suggested by the formula used 
for man (Albers and Bedbulir, 1941), and which was adaptable to our material. 

Q-T e , that is, the “corrected” Q-T interval, calculated by the formula of 
Bazett, Q-T = Q-T c R-R, and which was adaptable to our cases. 

The QRS amplitude was studied, taking into consideration the electro¬ 
cardiographic position of the heart, and determined according to Sodi-Pallares 
(1951). 

The changes of the RS-T segment are presented only in the hibernated 
group, as the changes found in the series of animals operated upon at normal 
temperature do not differ from those commonly found with the simple exposure 
of the heart to air and room temperature. 

The data obtained in the hemodynamic and electrocardiographic records 
are presented with the following abbreviations which designate the time at 
which they were performed: 

PRe— before creation of IASD 
PER—after creation of IASD 
FECH—after closure of IASD 


In the hibernation group: 

NM—prior to artificial hibernation. 

AQ—after rewarming. 

The changes observed in the several experimental phases are expressed 
by the differences between the corresponding values and percentage variations, 
in the following way: 

PRE-NM—changes produced by hibernation to the values of normal 
temperature. 

PER-PRE—changes caused by the production of IASD to the values 
observed before the creation of the defect. 


•From the equation y = where y = P and x = R-R, the hypothesis of c = 0.122 

was tested, calculating 

rN"-2) iNSfloexl flogy) — (Slogrx) (Slogy) - c[NS(log x)* — (Slog x) 3 3 L- —--r-n 

F = [NXCiog yV -x log y - gOTa? 
In which F has the distribution F of Snedecor for 1 and N-2 degrees of liberty. 
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Fig. 7.—Records of intracardiac pressures of Observation No. 




Table I. Synthesis of the Results of Intracardiac Pressures of the Cases Under Sinusal Rhythm 

(Animals operated on at normal temperature, mm. Hg) 
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3 Artificial hibernation, still in the developmental phase, offered favorable 
conditions for the performance of smgieal mtracaidiae maneuvers 

4 Aitificial hibernation induced Iiemodjnamic changes, evidenced bj \aiia 
tions in the pressure values and the moiphology of piessuie curves 

5 Theic was significant predominance of the mean pressuie liiteiatnal 
giadient fiom left to right m all the experimental stages in dogs operated on 
at normal temperature 

6 There was significant piedonunance fiom left to light of the mteiatiial 
gradient of the B, A', and Y waves aftci closuio of the IASD, in the senes of 
dogs opeiatcd on at noimal teinpciatuic 

7 The interatrial gradient of the mean and instantaneous piessuies showed 
a significant piedommance fiom left to right m dogs with open chest and intact 
interatrial septum m the senes submitted to aitificial hibernation 

8 Significant piedonunance fiom left to light of the D waves mteratnal 
pressuie giadient obseived in all the expcnmental stages m both senes of 
animals 

9 Significant changes of the atnal piessuies obseived jn the series of dogs 
operated on at noimal temperature, after cieation of the IASD, were (a) pres 
suie increase of the D wave in the light atnum, and (b) dcciease of the D wave 
mteiatiial piessuie giadient 

10 Significant changes of the atnal piessuies obseived in the senes oper¬ 
ated on under artificial hibernation, after creation of the IASD, were fa) dc 
cicase of mean and instantaneous piessuies m the left atnnm, (b) mciease of 
the wave pressuie m the light atnum, and (e) dcciease of the mteiatiial 
giadient of the mean and D wave pressuies 

11 Significant changes of the atnal piessuies observed in the senes of 
dogs opeiated on at noimal tcmpcratuic, aftci closure of the IASD, were 

(a) increase of mean and instantaneous piessuies m the left atnum, and 

(b) mciease of the mteiatrial pressuie gradient of the D wave 

12 Tlicie was a significant mciease of the Dwave piessuie in the left 
atnum, m the series of dogs opeiated on under aitificial hibernation, aftei 
closuie of the IASD 

13 A companson of the values observed aftei closuie of tbs mteiatiial 
septal defect with those befoie its pioduetion, m dogs opeiated on at normal 
temperatuie, showed (a) significant mciease oi -the mean and instantaneous 
pressuies m the left atnum, and (b) significant increase of the instantaneous 
pressures B, D, and Y m the right atnum 

14 Values of the mean and instantaneous pressuies A, B, D, and Y 
observed after closuie of the mteiatrial septal defect, m the series of animals 
opeiated on under aitificial hibernation, were, in the left atnum, significantly 
lower than those legisteied before its creation 

15 No significant changes of the mean values m the light atnum were 
obseived aftei pioduetion and closuie of the IASD m both senes of animals 

16 Mean and sjstolic pressuies in the right ventricle, before the creation 
of the mteratnal septal defect in animals operated upon under artificial 
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In our experiments, closure of the defect was made by two different methods 
in the two groups of animals. In one of them, we used the method of Gross 
(1952), in the other, closure under direct vision. In both groups, the defect 
was completely closed with three stitches. 

Coronary air embolism, a frequent cause of death early in this series, was 
prevented by placing a Satinsky clamp in such a way as to occlude the outflow 
of the heart through the aorta and pulmonary artery, and flooding the cardiac 
and thoracic cavities with saline solution. 

Few studies are found in the literature on the changes of intracardiac 
pressures determined by the creation and closure of the experimental IASD 
and practically none under hibernation. The study of the instantaneous pres¬ 
sures in the several experimental phases was made by pressure tracings recorded 
simultaneously with the electrocardiogram. 

Some features of the changes induced by experimentation in the right 
ventricle were observed by the pressure tracings in this cavity. 

The correlation test between the average pressure and the frequency 
demonstrated that the pressure increase of the right ventricle, after production 
of the defect, was due, not to the frequency but, most probably, to the blood 
flow increase in this cavity. 

The phenomenon explained by Sarnoff and Berglund (1954) as the shift 
of the heart from one “ventricular function curve” at a certain level to another 
at a higher level, in which with less filling pressure a greater output is obtained, 
was observed in one-third of the eases. 

The presence of the “form of resistance’’ of Borges, characterized by the 
predominance of Ps 2 over Ps,, was observed. 

Electrocardiographic records rendered possible the observation of some 
electrocardiographic changes of the heart in the several experimental phases. 
It seems likely that the electrocardiographic changes observed are fundamentally 
due to the general conditions peculiar to the experiment and not to the hemo¬ 
dynamic changes determined by the defect. 

The electrocardiographic changes caused by hibernation were more uni- 
foi’m and their findings are similar to those reported by other authors. 

Admitting the existence of a relationship between the electrocardiographic 
and mechanical phenomena, an attempt was made to correlate the hemodynamic 
changes observed to the electrocardiographic ones. No Pearson coefficient, 
statistically significant at the level of one and 5 per cent, was found among the 
several elements studied. 


CONCLUSIONS 

1. The creation of a large interatrial septal defect under direct vision was 
well tolerated by the dog. 

2. Clamping of the aorta up to the origins of the coronary arteries and 
flooding of the cardiac and chest cavities with saline solution were adequate 
measures to prevent coronary air embolism in the closure of IASD undei 
direct vision. 
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of the PR mtcnal, (d) a tendency tow aid mcicase in duiation of the QRS 
complex, and (c) a tendency tow aid meicase of Q-T values 

29 In the senes of animals opeiated on nndei aitificial lnl)eination, thete 
was ie\crsibilitj of electiocaidiogiaphic changes due to the tendenc\ to return, 
aftci i ow ai nnng, to the \ alues obsen cd befoi c hiboi nation 
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hibernation, were significantly lower than in those operated at normal tempera¬ 
ture and Pdi value was significantly higher. 

1/. There was a significant increase of the mean pressures in the right 
ventricle, in both series of animals, after creation of the defect and significant 
decrease after its closure. 

18. Systolic and Pd* pressures in the right ventricle were significantly 
increased after production of the IASD, in both series of animals. 

19. Significant decrease of systolic pressures in the right ventricle was 
observed after closure of the defect in the dogs operated on at normal tempera¬ 
ture. 

20. Significant decrease of cardiac frequency after closure of the IASD 
was observed in the series of animals operated on at normal temperature. 

21. Progressive and significant decrease of cardiac frequency in the various 
experimental stages was observed in the series of animals operated upon under 
artificial hibernation, 

22. The incidence of supraventricular rhythms of the nonsinusal type was 
higher after closure of the defect, mainly in animals operated upon under 
artificial hibernation. 

23. Main electrocardiographic changes observed after the production of 
the IASD, in the series of animals operated upon at normal temperature, were: 
(a) a tendency toward increase of the P-wave duration; (b) a significant devia¬ 
tion of P-angle to the right; (c) a tendency toward increase of the P-R interval; 
(d) a tendency toward increase of the Q-T interval; and (c) a significant 
shortening of the R/S relation obtained by direct epicardial lead and recorded 
at the base of the right ventricle. 

24. Main electrocardiographic changes after creation of the IASD, in 
animals operated on under artificial hibernation, were: (a) tendency toward 
increase of the P-R interval; and (b) tendency toward increase of the Q-T 
interval. 

25. No uniform or significant electrocardiographic changes were observed 
after closure of the IASD in the series of animals operated upon at normal 
temperature. 

26. The comparison of electrocardiographic values observed after closure 
of the defect to those registered before its production, in the series of dogs 
operated upon at normal temperature, showed: (a) a tendency toward increase 
of the Q-T interval; and (b) a significant decrease of the R/S relation recorded 
at the base of the right ventricle. 

27. The morphologic changes in the RS-T segment and T wave observed in 
animals operated on under artificial hibernation were different from those of 
animals operated upon at normal temperature and ones usually found in 
cardiac surgery. 

28. The comparison of values registered in dogs at normal temperature to 
those observed in the same animals after hibernation and with open chest 
showed: (a) a tendency toward increase in duration of the P waves; (b) a 
significant decrease of the P-wave amplitude; (c) a tendency towaxd ineiease 
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BRONCIIOSPASM IN BRONCHOGRAPHY 
Thomas H IIewlftt, Lii-uten ent Colonel, MC, USA,* Anthony .T Puglisi, 
Major, USAF (MC),*'- and Whiner F Bowers, Colonel, MC, USA*** 
Fort S vm Houston, Trws 

A LARGE numbei of patients with elnonic cough eientuallv have bioncho 
giaplnc studies peifoimcd to detcimme the piescnce of bionehiectasis 
Adequate bronehogiains offei the ouh absolute pioof of bionelucetasis and serve 
as the basis foi excisional suigeiv Although a single bionchogiani leveals the 
anatomic state of the bionclu at the tunc of film evposuie, it does not otter 
unequivocal pioof of nievusible pathologic changes within the bionclu Those 
expenenced in pulmonary diseases recognize that the bionehogiam alone 
cannot bo accepted as the absolute entenon of lung damage 01 of the need foi 
exeisional suigeij The pioof of pulmonaiy damage is leflectcd in the patient’s 
clinical couise 

The intei pretation of bioncliogi.iins and the decision toi evusional smgery 
is often delegated to the joungei men in a tiaming piogiam Consequently, 
the possibility of mistaken intei pi ctition of a single bionehogiam might result 
m unwarranted opeiation Several faetois may pioduce variations in bronchial 
filling which londci the lccognition of bionehiectasis difficult in adequate bron 
chogiams Among those that aie well lecognizod, the most piomment aie 
acute lespuatoiy infections, emphysema, and atelectasis Bionchial changes, 
which ha\e been asenbcd to chionie bronchitis 01 asthma, consist pnmanly 
of some degiee of nuld dilatation of the bionclu with beading and megularities 
of caliber noted on bionehogiam Little attention has been dneeted towaid the 
possibility of broncliospasm occuiiing dunng bioncliogiaphy winch suggests 
that it is rare The c\pcnence at Biooke Armv Hospital demonstrates that 
broncliospasm may account foi a bionehogiam which is inteipieted as showing 
bronchiectasis 

Seventy nine bionchogiapluc studies wcie pcifoinied at Biooke Aimy 
Hospital over an eighteen month pcnod Bionchospasm dunng bioncliogiaphy 
was encounteicd and pioved in 7 patients of this gioup The significance of 
this 8 8 per cent incidence of bionchospasm dunng bioncliogiaphy is of interest 
because the initial ladiologic mtupietation of these bioncliograms was of bron 
cluectasis, usually bilateial These patients weie not submitted to opeiation 
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Fig 1—-4 Initial posteroanterior bronchogram revealing bilateial bronchogram B 
Repeat posteroanterlor bronchogram revealing normal patterns C, Left anterior oblique 
bronchogram revealing spasm right middle and lower lobes 
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because of the presentation of the bronchograms before a combined medico- 
suigieal conference where experienced clinicians disagreed with the diagnosis 
of bronchiectasis and requested that the bronchographie studies be repeated. 
The repeat studies carried out on cacli patient resulted in essentially normal 
bronchograms. Thus, the value of conference interpretation of films is demon¬ 
strated as well as the fallacy of a single bronchographie study in patients whose 
clinical course, though suggestive of bronchiectasis, is not typical. 

Bronchospasm is usually associated with the asthmatic patient and is 
most frequently diagnosed on the basis of a history of attacks of respiratory 
distress characterized by wheezing and the presence of classical rales. Three 
of the 7 patients observed gave histories which were suggestive of asthma and, 
in each of the 3, unilateral basilar wheezing was noted on auscultation. It is 
to be noted that in none of these patients was an excitant proved by allergic 
studies. Four patients of the group gave histories which were entirely negative 
for any factor which would suggest the possibility of asthma. One representative 
patient from each group has been chosen for presentation. 

CASE REPORTS 

Case 1.—A 43-year-old white man reported to the outpatient department with a history 
of episodes of coughing and wheezing for several years. Allergy studies on two occasions 
had failed to reveal an excitant. Auscultation of the chest revealed localized transient 
wheezes over the left base posteriorly. Routine poslcroantcrior and lateral chest films did 
not reveal any pulmonary abnormalities. Bronchoscopy revealed moderately inflamed granular 
mucosa in the lower left main-stem bronchus. No spasm or excessive secretion was noted. 
Bronchograms (Fig. 1, A, C, E ) performed at this time were reported as demonstrating 
cylindric bronchiectasis involving the right middle and lower lobes and the left lower lobe. 
Medico-surgical chest conference disagreed with the diagnosis of bronchiectasis and requested 
a second bronchoscopic study. Bronchograms were repeated after twenty-one days. The 
second series of films (Fig. 1, B, D, F) were reported as follows: "Cylindrical bronchiectasis 
previously described in both lower lung fields is no longer apparent on this examination." 
Immediately following the second broncliogram, this patient developed a generalized urticarial 
rash relieved by Pyribenzamine. This patient was placed on outpatient medical treatment 
for chronic asthmatic bronchitis. 

Case 2.—A 23-year-old white man was transferred to Brooke Army Hospital with a 
diagnosis of “Severe chronic bronchitis, probably on basis of bronchiectasis.” History 
revealed repeated colds and influenza as a child. In 1949, while serving in Japan, he developed 
an acute bronchitis requiring hospitalization. Slight productive cough persisted as a residual 
of this illness. Sputum had changed to a yellowish color four months prior to this hospital 
admission,* the volume increased to one-half cup per day. His attacks of bronchitis v,ere 
characterized by fever, chills, chest pain, and blood streaking of sputum. Response was 
prompt to antibiotic therapy. Allergic studies did not reveal any excitant. Routine chest 
films were negative for pulmonary pathology. Physical examination of the chest revealed 
tine moist rales over the right upper lung field and throughout the left lung field, posteriorly. 
Scattered expiratory wheezes were noted. 

Bronchoscopy was essentially normal. Bronchograms (Fig. 2, A, C, E) revealed 
bronchial dilatation and were reported as consistent with bronchiectasis. Films of the repeat 
bronchography (Fig. 2 D, B, F), performed fourteen days later, reveal normal filling. Tins 
patient was discharged on a medical regimen for chronic bronchitis. 
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BRONCHOGRAPHY TECHNIQUE 

Oral intake was withheld for a period of 1 to G hours. Nembutal, I 14 grains, 
was administered orally 11/> hours piior to the broncliogi aphv. 

Immediately before the procedure, the patient received 100 mg. Demerol 
and 1/150 grain atiopine, intravenously. Topical anesthetization was accom¬ 
plished by splaying a fleshly pieparcd solution of 0 5 per cent Pontocainc 
solution with 4 drops of 1:1000 epincphiinc per ounce Particular care was 
taken to anesthetize thoroughly the pyriform sinuses, the glottis, epiglottis, and 
vocal cords prior to instillation of the anesthetic agent into the trachea 


4 . 



B. 

Fig 2— A, Initial posteroanterior bronchogram, revealing bilateral spasm B, Repeat postero- 
antenoi bronchogram, normal pattern 


Anesthetization should not he huriied Two cubic centimeteis were injected 
through the hiryngotiachcal opening into each side of the pulmonary tree and 
2 c c. were deposited on the caiina. Routine bionehoscopy was performed. Bron¬ 
choscopy was routinely cairied out on new patients referred for study to obtain 
an accurate picture of the bronchial mucosa. 
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PiK. 1 (Cont’d ).—Dj Repeat left anterior oblique bronchogram, normal pattern, 
right anterior oblique bronchogTam, revealing spasm of hngula ana left lower lobe, 
right anterior oblique bronchogram, normal pattern. 


B, Initial 
F, Repeat 
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Appio\imatcl> 5 ec of waim Inpiodol was injected dmmg each of the 
four loutme positions used foi loliai filling The catheter was lemoved aftei 
tlio wet films weie lencwed for adequaej of filling 

Repeat bioncliogiaphv, m the eases presented, was earned out bv a tech 
nique alteied to niinimi/e (1) allcigie lesponsc to dings, (2) inadequate seda¬ 
tion, (3) inadequate anesthesia, and (4) tinunia losultmg fiom bionchoscopj 
Sedation was increased to 3 grains Nembutal Ilemciol and atiopine 
dosage was not meieased Topical anesthesia was accomplished In sprav 
technique using a Pontocaine HC1 aeiosol solution eomposed of 0 b pel cent 
Pontocanic, 2 0 pci cent ghceime, 0 01 pci cent Tuton IPO, and 0 01 pel cent 
epmepluine This is essentiallj a deteigent tvpe ot topical anesthetic which 
reduces the surface tension of secictions peimitting a bettei contact between 
mucosa and anesthetic solution A No 1G eatlietei was passed bj liiduect usion 
technique Inptodol in 22 ec volume was used ns contiast medium 

The second bioncliogiaphv, utilizing inci eased sedation and nnpioved 
topical anesthesia, gave noimal bionclual patteins 

DISCUSSION 

Tvpical cases of bioncliospasm occurring dining broneliogiapliv have been 
presented Pnoi to lepcat bioncliogiaphv, the probable causes of bioncliospasm 
were consideied and the technique alteied accordmglv Allcigie response to 
drugs, inadequate sedation and anesthesia, and nutation of bionchoscopj were 
felt to be impoitant factors m production of spasm Fiom the standpoint of 
contact alleigic icsponse, Inpiodol cannot be consideied the c\cit<uit as it was 
used in the second studv, iurthci, the usual icaction to iodine is usually a more 
gencialized one Inadequate sedation is usualh manliest bv laeh of cooperation 
and trequent coughing, which was not noted in anj of these patients The 
more efficient topical anesthesia used m the second studv was possible of sig 
nificanee in eliminating a spastic element In no instance was initial bion 
clioscopv tiaumatic and cortainh the areas of maihed spasm weie bevond the 
icacli ot the bionchoscope, m the seeondaiv and teitiarj divisions of the lobar 
bioiiclu 

The phenomena of spasm dmmg bioncliogiaphv should be mole geneialh 
appieciated bj those who will be lesponsible for the diagnosis and treatment of 
patients with cluonic cough Though such a picture might be anticipated m a 
small pcicentage of patients with an asthmatic lustoiv, it is of nnpoitance to 
recognize the bioncliogiaphic pattern of spasm in the noiiastlniiatic individual 
It seems advisable to lenevv the basic points clmiactuistu. of both bioncliospasm 
and bionehiectasis in oidci to aleit the unvvaiv to the possibilitv of confusing 
the two conditions 

The cases picscntod death dcmonstiatc the iallacj of a single bion 
chogiaplnc stud} and show how bioncliospism mismteipieted as bionchiectasis 
might easilv lead to unwananted evcisional singer} 
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A No. 16 rubber catheter was passed through the lumen of the bron¬ 
choscope. As the bronchoscope was withdrawn, the distal end of the catheter 
was positioned just proximal to the earina. 
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Fig. 2 (Cont’d).— C, Initial left anterior oblique bronchogram, revealing spasm right mid- 
le and lower lobes. 

D, Repeat anterior oblique bronchogram, normal. 

E, Initial right anterior oblique bronchogram revealing spasm left lower lobe and lingula. 

F, Repeat right anterior oblique bronchogram, normal pattern. 





SIMULTANEOUS BILATERAL RESECTION WITH A SPACE 
DIMINISHING PROCEDURE FOR PULMONARY 
TUBERCULOSIS 
Viking Olov Bjurk, J[D 
Stockholm Sw Fiirx 

A LREADY m 1952, O\oiliolt showed tluit simultaneous bilateial segmental 
leseetion could be peilonned In 1916, be lepoitcd ten such operations 
without moitalitj Lewis and associates bad, b\ 1956, opeiated on 16 patients 
on both sides, simultaneousl), without moitalita So fai, foi pitlmonarj tuber 
culosis, onh patients lequning no nioic than segmental resections on each side 
liaie been lepoitcd I hate bad 4 cases of pulmonaii tubeiculosis m w-hiclimoic 
extensile bilateial resections necessitated a space diminishing piocedure as well 
All patients ha\c toleiated well this latliei laigc operation in one sitting The 
postopeiatn c tieatmont must be caiefully supen isod 

TrCUNIQUF 

Lewis and his associates have lccommcnded <i supine position with the use of 
a transverse antenov incision through the third mtci space, bilaterallj and a 
tiansveise dmsion of the sternum This incision seems comement in then 
material whole no moic Ilian segmental lesections weio lcquned on each side 
The postopeiatne sepalation of the sternum in 3 eases of 16 will, howetei, 
make one hesitate to use this appioach in tubeiculosis OiCiliolt’s lecom 
mendation to use the face down position, with bilateial subcostal incisions, is 
pieferable in most cases foi the following reasons 

1 Aftei the resection on the fiist side, it may be found unwise to pioceed 
with both lesections simultaneouslj 

2 Aftei more extensile leseetion, it may be found desuable to perfoim 
a space diminislnng pioceduic on one side It seems to be casiei to perfoim 
an osteoplastic loof thoracoplasty oi a diapluagm plastic in tlie face down 
position 

It is important to avoid a lianow angle between the two incisions other 
wise a neciosis of the slan will follow m that, angle (Pigs 1 and 2) 

cise iiEroms 

Case 1 —The patient, a 25 year old woman, lntl lmd bilatenl cantor) tuberculosis for 
four years (Fig 3) The maximal breathing capacity was 62 L per minute Residual 
capacity was 31 per cent of the total capacity Brondvospiroiuetrv showed an oxygen uptake 
of 80 4 per cent and a ventilation of 73 7 per cent of tlie total on the right side 

From Sabbatsberg Hospital Surgeon in Chief C Crafoord ALU Professor St Gtiran 
Hospital Physician in Chief A Westergren AID Professor Uttran Hospital, Physician in 
Chief N Levin AID 
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The bronchographic picture. attributable to broncho,spasm is characterized 
by the following features: 

1. Bronchial dilatation of a hydrostatic nature occurs within the primary 
and portions of the secondary division bronchi. 

2. Spasm ol the tertiary and distal bronchi produces a horizontal obstruc¬ 
tion to the flow of the contrast medium, consequently the spastic, bronchi do not 
fill. 

3. The normal space relations are maintained between the first and second 
division bronchi indicating the existence of aerated lung parenchyma. 

4. Bronchiolar and alveolar filling is only patchy when evident distal to 
the zone of dilatation. 

5. Proximal narrowing of a major bronchus is never visualized. 

The following characteristics are essential 1o the bronehographic recognition 
of bronchiectasis: 

3. Cylindric dilatation of a marked degree with complete loss of normal 
tapering tendency, 

2. .Saccular areas in direct continuity with the dilated bronchus, 

3. Crowding of the bronchi resulting from decreased space occupied by 
pulmonary parenchyma of that involved area, 

4. A decrease or complete absence of bronchiolar and alveolar filling, and 

5. Proximal bronchial narrowing may or may not. be evident. 

The horizontal obstruction to flow evident in the initial bronchograin is not 
encountered in the markedly dilated bronchus of bronchiectasis. The main¬ 
tenance of normal space relations between the several bronchi as determined 
by tlieir position and direction in bronchospasm is not evident in bronchiectasis 
wherein the functionless parenchyma permits a crowding and downward depres¬ 
sion of the bronchi. These particular points arc basic in differentiation of 
broncbospasin and bronchiectasis. 


CONCLUSIONS 

J. Hepeat bronchography is essential in establishing the differentiating 
bronchial distention due to spasm from bronchiectasis. 

2. Conference consideration of bronchograms is of value in preventing 
unnecessary surgery which might result from misinterpretation of a single bron- 
chographic study. 
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to flbrotic changes m the lower lobe It was necessary to go between clamps around the 
cavitary disease in the left loner lobe In the remaining loft basal segments, there were 
several small nodules Duo to the relatively small amount of remaining lung tissue which 
was fibrohc and contained tuberculous nodules, I considered the addition of a left osteo 
plastic thoracoplasty in the same sitting a necessitv The second to fifth ribs tv ere resected 
posteriorly and then fixed to the sixth rib with mlon sutures through drill holes Immediately 
after completion of the operation, a tracheostomy was performed and the patient connected to 
an Engstrom respirator One day after the operation, she could take over ventilation herself 
for ten minutes and after nine davs she did not need the help of the respirator any more 



Fig- 3 —Case 1 "V ray of the lungs demonstrating large tuberculous cavities 
lobes as well as In the superior segment left lobe 
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The operation was performed in the face-down position. On the right side the upper 
lobe could be freed intrapleurally and then resected. The remaining lung parenchyma was 
of a good quality with only a few small hard nodules in the middle and lower lobes. 'When 
the right chest was closed, the left was entered through a subcostal incision under the fifth 
rib. It was necessary to remove the whole left upper lobe and the superior segment of the 
lower lobe in the extrapleural plane in one piece. Traction dissection could not be used due 



Fig. 1.—Photograph of the incision in Case 2. There was too sharp an angle between the two 
incisions resulting in a necrosis of the skin with a retarded healing. 
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She regained strength rather slowly after the operation and had herpes zoster complicating the 
convalescence. One year after the operation she was in a very good general condition (Fig. 4). 

Case 2. —The patient, a 33-year-old man, had had bilateral cavitary tuberculosis for one 
year. His general condition was good. Maximal breathing capacity was 158 L. per minute. 
Bronchospiroinetry showed 53 per cent of the total ventilation on the right side. 

At operation, the apicoposterior segment of the left upper lobe was removed. There 
were widespread nodules to be palpated in the lingula and in the lower lobe. An osteoplastic 
thoracoplasty with fixation of ribs 2 to 5 down to the sixth rib was added. The operation 
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~ ,.„ v nf the lungs one year after simultaneous resection of tlie right 

or t„. left lower lol*. » «'■ " 

osteoplastic thoracoplasty on the left side, 
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Table I. Simultaneous Bilateral Resection With Space-Diminishing Procedures 


Resection: 

Right upper lobe + left upper lobe + superior 
segment left lower lobe + left osteoplastic thoraco¬ 
plasty. Postoperative respirator treatment for 
9 days. 




Resection: 

Apicoposterior segments left upper lobo + right 
upper lobe + left osteoplastic thoracoplasty. Spon¬ 
taneous ventilation post operatively. 




Case 2. 


Resection: 

Right upper lobe + npicoposterior and anterior 
segments left upper lobo + superior and posterior 
basal segments left lower lobe + left diaphragm 
plasty. Postoperative respirator treatment for 24 
days. 



Resection: 

Loft npieopo'iterior and anterior segments + right 
apical and posterior segment upper lobe + superior 
segment right lower lobe + right diaphragm plasty. 
Spontaneous ventilation postoperatively. 



malting the decision. The patient will gain several months in shortened hospital 
stay and have much less discomfort than in a staged procedure. Furthermore, 
the postoperative treatment of breathing exercises may be more difficult when 
cavitary tuberculosis remains on the contralateral side after operation. 

Only carefully selected patients shoxild be chosen for simultaneous bilateral 
resections. One need not hesitate to add a space-diminishing procedure at the 
same time. Naturally, this extensive pulmonary surgery should only be under¬ 
taken when the facility for postoperative respirator treatment is at hand. 5 It 
may be found necessary to relieve the patient from the respiratory work and en¬ 
sure adequate ventilation for some time in the immediate postoperative period. 

SUMMARY 

Four cases of simultaneous bilateral resection are reported. The resection 
has been extensive enough to warrant a space-diminishing procedure at the 
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was continued with a resection of the right upper lobe. The remaining parenchyma on the 
right side was in a good condition with only a few palpable nodules. The patient withstood 
the operation well and took over spontaneous ventilation immediately after the procedure. 

Case 3. The patient, a 46-year-old woman, had had bilateral tuberculosis for twenty-five 
years. There had been a progression in the past year with bilateral cavitation (Pig. 5). The 
maximal breathing capacity was 79 L. per minute. The residual capacity was 30.5 per cent of 
the total capacity. Broncliospirometry showed 57.4 per cent of the total oxygen uptake on the 
right side. 

At operation, the left side was first explored through a subcostal incision under the 
fifth rib. The apicoposterior and anterior segment of the left upper lobe as well as the 
superior and posterior basal segments of the left lower lobe were resected. Due to the 
rather extensive resection on the left side, it was decided to diminish that thoracic cavity. 
The diaphragm was therefore mobilized and resutured to the fifth intercostal muscle. Then 
the right chest was opened through a subcostal incision under the sixth rib. The whole 
right upper lobe was resected. Small nodules could bo palpated in the lower lobe. 

During the operation on the left side, an accident occurred. Some air entered the 
right side of the heart through the intravenous drip. The whole of the left pulmonary 
artery was full of air and its pressure rose considerably. The artery was immediately 
punctured by a wide bore needle and all air removed. After the evacuation of air, the 
pulmonary artery pressure decreased to 20 cm. water. After this experience, I think it is 
advisable to make a speedy opening of the chest and of the pulmonary artery in cases 
accidental!}' receiving too much air by an intravenous drip. 

Two intrapleural tubes for drainage were left on each side. Immediately after the 
completion of the operation, a tracheostomy was performed and the patient connected __ 
to an Engstrom respirator. After two days, the patient could take over the ventilation for 
short intervals of ten minutes, but after twenty-four days she could definitely be without 
the respirator. The patient had a prolonged period of postoperative fever, but was able to 
leave the hospital two months after the operation in good condition (Fig. 6). 

Case 4 .—The patient was a 43-year-old man who had had bilateral apical tuberculosis for 
sixteen years with bilateral cavitation for one year. The maximal breathing capacity was 98 L. 
per minute. Bronchospirometry showed 53 per cent of the total oxygen uptake and 48 per 
cent of the ventilation on the right side. 

At operation, the right side was explored through a subcostal incision under the fifth 
rib. The apical and posterior segments of the right upper lobe and the superior segment of 
the right lower lobe were removed. The remaining lung parenchyma on the right side 
looked rather emphysematous. The diaphragm was mobilized and resutured to the fifth 
intercostal muscle bundle. Then the incision was extended to the left side and the 
apicoposterior and anterior segments of the left upper lobe were resected at the same 
operation. The patient made an uneventful recovery and had no difficulty in spontaneously 
maintaining an adequate ventilation. 

DISCUSSION 

In cases of bilateral tuberculous cavitation where surgical treatment is being 
considered, a simultaneous resection should be seriously discussed. The addition 
of a space-diminishing procedure, either an osteoplastic thoracoplasty 2 or a 
diaphragm plasty® on one side, need not be a contraindication to a simultaneous 
bilateral resection. It is wise to explore the side with the more extensive disease 
first, using the face-down position. After completion of the first side it can 
then be decided whether it would be wise to proceed with the other side. Pre¬ 
operative lung function studies with determination of the maximal breathing 
capacity and the oxygen uptake and ventilation on each side are helpful in 



PECTUS EXCAVATUM A SURVEY AND A SUGGESTION FOR 
MAINTENANCE OF CORRECTION 

E Harrison Griitin, MD, and J F Min ms, Jr, Ml) 

Brooklyn N Y 

B RAUIIINUS, 1 m 1594, dcscnbed the clinical condition of chonechondio- 
stemon Since then, this defoimitj has been recognized In \anous names 
chonechondrostcinon, tricliteibiust, chondosteinal deptcssion, tunnel chest, and 
pectus exeaxatum, the fiist tlnee being the moie descuptnelj aecmate the last, 
the more commonlj accepted teim Pectus cxeaxatum maj bo deseubcd as 
a depiession deformity of the bodj of the sternum and costal caitilages begin 
mng at 01 infcrioi to the mamibnoglndiolai junction and lenchmg a maximum 
at the xjplioid The classical pictuie is that of a “lound sliouldeied, hollow 
chested, and pot bellied” child " 

The gencialh accepted incidence is OOC poi cent, with males predonu 
natmg lij a ratio of foui to one 3 

A familial tendency has been demonstrated bj Lestci” and Snmsbuiy, 4 
who bohoses that the defect is usuallj iecessi\e, although, m one familj, a 
dominant chaiacter was apparent Most ant hois, 4 8 with the exception of 
Ether, 0 bclieic the deformity is congenita! Brown and Cook 10 lepoitcd asso 
mated anomalies m 31 8 poi cent of then senes of 44 eases The consensus 
has been that pectus exeniatum is a piogicssne disease, 8 33 liowexer, Gioss 31 
has stated that ‘ tlieie ate man) babies m whom the defoimitj does not 
pi ogiess 

ETIOLOGY 

Vanous theories of lnstoiical interest legaidmg Ihc etiologi of pectus 
exeavatum base been deseubcd hi Oehsnei and DeBahcj 3 attested dctelop 
ment of the sternum, licicditaij svphilis, lickets, constitutional anomalj due 
to degcneiatne disease, pool postuie, etc Fleseh 1 - suggested, m 1S73, that 
funnel chest was caused bj an oseigiowth of the nbs As late as 1944, Sweet 30 
and otlieis gave some credence to tins theory 

In 1939, Biowni 33 piescnted a feasible explanation of the causal mechanism 
m Ins “substemal ligament” or “ecntial tendon” theoiy, and opened a new 
appioach to the smgical alienation of this defoimitj Tlie substemal ligament 
lias been designated as ligamentous fibeis fiom the tiansieisus thoracis and mem- 
biana sterni winch meige postenoilj (ictioxxphoid) to foim the hnea alba 33 
The central tendon of the diaplnagm is a thin, stiong aponeurosis located at 
the center of the diaphiagmatie mult It lies in close proxumtj to the 
xyplnsternum and costal arch to which it is attached bj lathei shoit muscular 
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same operation. In 2 cases, an osteoplastic thoracoplasty and in 2 a diaphragm 
plasty were added. In 2 cases, the spontaneous ventilation was adequate, but 
in 2 it was necessary to add respirator treatment during the postoperative 
period. All 4 patients withstood the procedure well. A careful selection of 
patients is necessary. 
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M VNlrESTATIONS 

The clinical manifestations of peetlis cxcavatiun me of three types 
cosmetic, oitliopedic, and caidioiespnatoij The patient presents with a flat, 
thin chest and a dcpiession defoimitj of the thorax antenoily, there is dorsal 
ltjpliosis, and the head is tlnust foiwnid He, and especially she, is often 
shy and letirmg due to the distoitcd halntus wInch provides a leal psychologic 
pioblem 

The de\elopment 01 oeeuiienec of caidioiespnatoij symptoms are do 
pendent upon four factois 10 (1) position assumed by the heart, (2) total 
decrease m the anteiopostenor diamctei, (3) degree and shape of the de 
piession of the sternal segments, and (4) age Respnatorv complaints may 
be noted at anv age Dining adolescence, the pvschologic and oitliopedic 
problems aie piommcnt So called “cardiac” sv mptoms become apparent 
during the second decade and aie piogicssive with advancing veals 

Lmdskog 18 has stated that a minoiitv of patients have sMnptoms resulting 
fiom the defoimitj Most investigatois report that a majonty base lespiratory 
complaints This maj he explained In impeded elevation of the libs 10 and/oi 
impaued action of the diaphiagm" 17 which results m ineffectual cough and 
pool tiacheobionchial toilet Bionehiectasis liiaj be a late complication of 
funnel chest” 1 Lestei 17 ” stated that the residual an was mcieased and the 
lung \olumo decieased (o\ci 25 pei cent) m piopoition to the defoimitj but 
seldom to cntical levels Biodkin 0 likewise icported tint ntal capacity was 
diminished to as low as 50 per cent, liowcvci, in the senes of Blown and 
Cook, 10 the ntal capacity was essentiallj normal Tliej found the maximum 
breathing capacitj to be the most v aluable pulmonaij function test eleven 
of 40 patients showed a maximum bieatlnng capacitj of 50 per cent of the 
predicted normal and the aveiagc impiovement following lepan of the pectus 
exeavatum was 31 per cent Oxvgen uptake is geneiallj within normal limits 
as is oxjgen satuiatiou Diminished maximum breathing capacitj and/or 
electrocaidiogiam changes may be present eicn though caidioiespiratory sjmp 
toms are not apparent 10 Since this disease is progressne, patients accommodate 
to the giaduallj impelled pulmonaij function and therefore lnfiequentlj offei 
complaints referable to the djsfunction that exists In some cases, there may 
be little oi no actual limitation Indeed, Manning” 3 has leported the history 
of a Canadian pnze figlitei ivitli definite pectus excaiatum who presented no 
endence of pulmonaij oi caidiac embanassment 

Cardiac disease, othei than that attubutable to the thoracic defoimity, 
has been repoited as occumng “fiequentlj ” 10 Such an incidence lvould be 
dependent, m part, on the age groups included in the senes Raviteh, 11 
Brodkm, 8 Gross 14 and others belici e that cardiac sj mptoms are rare in mfancj 
De\ elopment of sj mptoms is dependent on (1) piessure exerted directly on 
the lieait, (2) cardiac compression, and (3) dsplacement of the heart, with 
possibly subsequent torsion oi angulation of the great jessels The pressiue 
on the heart cannot be evaluated bj the degiee of sternal deformity In a 
majority of instances the heart is displaced to the left and rotated postenorlj 
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fibers. This point of attachment is shared with the substernal ligament. There¬ 
fore, any abnormal shortening of the anterior fibers and central tendon would 
cause depression of the lower end of the infant sternum, particularly during 
inspiration. Brown and Cook 10 have proposed that in funnel chest there 
is a neuromuscular imbalance whereby the anteroposterior fibers of the dia¬ 
phragm are overstimulated. Asymmetrical deformity may be explained on the 
basis of overstimulation of one rather than both phrenic nerves. 

Brodkin 8 has not been able to demonstrate the “retrosternal ligament” 
and proposes anomalous deformity of the diaphragm as etiological. The normal 
diaphragm is composed of “four major muscular divisions derived from the 
anterior septum transversum, the two lateral pleuroperitoneal membranes and 
the dorsal mesentery. Each, separated by a raphe, insert into the central 
trefoil tendinous portion. Contraction causes descent of the diaphragm without 
pull on any part of the chest wall. These contractions are responsible 
for the normal changes in development of the round thorax of the infant to 
the elliptical during the first year of life.” 8 In chondrosternal depression 
deformity, the anterior portion of the diaphragm is tendinous showing a 
paucity of muscular fibers. 7 Retraction of the anterior chest wall during in¬ 
spiration is produced by contraction of the diaphragm. This is the result of 
the pull of the tendinous attachment on the gladiolar-xyphoid junction of the 
sternum. Asymmetrical maldevelopment of the muscular diaphragm results in 
asymmetrical funnel chest. 

Pectus excavatum, with paradoxical sternal retraction, may be noted at 
birth. RavitclP has found it difficult to implicate the substernal ligament as 
entirely responsible because fetal respiration probably does not exert sufficient 
force to produce such a deformity. Other authors 2 ’ 5 - 9 > 12 ’ 17> 18 consider faulty 
function or development of the central tendon to be etiological. 

A final etiological factor is that based on upper respiratory obstruction. 
First proposed by Holt, 19 and later supported by Hollinger, 20 it may be ex¬ 
plained in the following quotation: “Shortening of the diaphragm is initiated 
as a result of forced respiratory efforts to overcome an obstruction somewhere 
between the carina and nose or mouth. The negative pressure thus produced 
causes a depression of the sternum because the cartilaginous portion of the 
chest is its weakest area. This leads to a contracture of the diaphragm which 
eventually becomes permanent.” 19 It is generally recognized that respiratory 
obstruction may cause depression of the sternum with even marked paradox 
in infancy'. We believe that this deformity is a separate entity and should 
not be confused with pectus excavatum. Probably this theory is only a 
contributory factor; however, Lester 2 has suggested that any obstruction to 
the respiratory tract be corrected prior to attempting reparative surgery for 
the pectus excavatum. Decrease in the anteroposterior diameter of the thorax, 
found in this deformity, impedes elevation of the ribs, and effectively prevents 
satisfactory clearing of the tracheobronchial tree. 10 Thus, an obstructive 
mechanism may be initiated secondary' to costosternal defect. 
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costal caitilagos wcie lcsected, turned ovei as a plate, and resutured to the 
nb ends Alcxandei 17 icpoitcd using a “T” shaped sternotomy in the tieat 
ment o£ a case o£ tiaumatic pectus cxcaiatum in lb'll That same }cat, 
Snueilnuck 1 devised <1 pi istic lepau, lcseetion o£ the fourth to eighth costal 
caitilages lnlateialh and thin delating the liodj of the sternum In tiaetion 
apparatus attached to ail oieihead flame In lb13, Can 2 icpoitcd tint 
Jcioine Head 15 sncccssfulli pcifoimcd an opciation similai to that utilised 
by Saueibruck, except that the bod) of the stcinuin was tiansccted and then 
delated b) tiaetion 

With the publication of Bioun’s’ 3 classical descnption of the anatomic 
basis foi and the smgical ticatmcnt of pectus cxcaiatum, opeiatne manage 
ment of this dcfoimitj became established Tie pioposcd tuo opeiations, one 
for the incipient stage in lnfuncy and the other foi the fully developed stage 
The foimci has been tcimcd the “simple” operation, advocated in clnldien 
undei the age of 2 ! /o to 3 )cais The lattci is known as the “ladical” opciation, 
utilized in older children and adults iilieio the deformed costal caitilages have 
become fixed m the chondiostcrnal defect 

The “simple” opeiation consists of simple division of the postenor 
ligamentous attachments to the sternum and x)phoid piocess As onginallj 
desenbed 15 and picsently widclj utilized,” 10 15 1T 18 34 the x 3 r p]nstcimim and 
retiostcmal ligaments aie divided Following these pioccdurcs, if the earti 
lages show little or no dcfonmtj, the wound is closed without dividing caitilages 
or using tiaetion apparatuses Variations have been described 8 10 17 but all 
follow the punciple of separating the ccntial tendon and retrosternal ligament 
fiom the body of the sternum Glass 74 has stated that he docs not believe that 
simple division of the substeiual ligament is sufficient to piovidc collection 
in mole seiious cases Lcstci 77 limits the use of this operation to infants undei 
one )cai of age (onlj 2 have rcquned further smgeiy), Brown and Cook 10 
to those undei 2 to 2i/> veals, and Biodkin 8 to those undei V-fo jcais 

The “ladical” opciation consists of the “simple” pioceduio plus tlnee 
added steps (1) division, with oi without resection, of the costal caitilages 
bilateiallj, usuall) from the thud to the eighth or ninth libs, (2) transverse 
cuneifoim ostcotom) involving the antciior table of the sternum at a level with 
the thud oi second costal cirtilagc, and (3) elevation of the gladiolus Some 
form of this procedme has been almost univcisilly adopted b> American 
suigeons 

The more prominent venations me listed 

Brown and Cook 70 Kescction of costal caitilages bilateiallj, usuallj from 
the third to eighth, anterioi tiansvcisc steinotomj , division of the xyphistcinum 
and substeiual ligaments, external vvnc tiaetion elevation of the sternum in an 
ov crcorrectcd position 

Brodkm 8 Kesection of segments of cartilages fiom the costal arch to 
the second rib, the xjphoid process is excised, diapluagm is separated from 
the antcnoi attachment at the medial ends of the lowest caitilages and may 
be sutuied to the free edge of the lccti muscles, in complete antenor transverse 
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Hutcheson 24 lias reported several eases in which the heart was markedly deviated 
into the left hemithorax without any evidence of embarrassment. Ravitch 11 
has stated that arrhythmia resulted from direct pressure effects and that dis¬ 
placement or compression of the heart lead to mechanical interference with 
cardiac function. Circulation time and venous pressure are normal, 10 Brodldn s 
has been impressed with the relatively frequent presence of an orthostatic blood 
pressure and pulse, which have returned to normal postoperatively. The 
literature does not corroborate this finding. Often there is a systolic murmur 
which is probably functional. 22 The electrocardiogram demonstrates no specific 
type pattern. Most common findings are right axis deviation, 8 ’ n> 12> 18 sinus 
arrhythmia, low voltage, and inverted T waves in Leads III and IV. 8 Often 
these abnormalities will revert to normal postoperatively. Dorner 25 reported 
the ease of a 28-year-old man who showed: supraventricular tachycardia with 
a 5 :1 to 1:1 block, palpitation, right heart strain, peaked P waves, tricuspid 
murmur, and distortion of the tricuspid valve (angiocardiographically) pre¬ 
sumably due to compression of the right atrium. Following plastic correction 
of the pectus excavatum, the electrocardiogram, chest x-ray, and angiocardio¬ 
gram showed none of the previous abnormalities. 

MANAGEMENT 

Nonsurgical methods have long been outmoded; belts and other such 
appliances have been discarded in the correction of pectus excavatum. Yet, as 
late as 1938, Cotton, 20 in his discussion of a paper by Truesdale, 27 strongly 
advocated breathing exercises rather than surgery. 

The indications for surgery are cosmetic, orthopedic, and physiologic, 
^uite naturally, all patients have a cosmetic defect. If the disease is permitted 
,o progress, most persons will become round-shouldered, the head will be thrust 
forward, and kyphoscoliosis may present a problem. It is apparent that every 
oatient has an indication for surgery when a diagnosis of funnel chest is 
nade. The only point of contention is ivhcn should he be subjected to surgical 
.’epair. Often the physiologic indications, primarily cardiorespiratory disturb- 
mees, dictate the time of intervention. Lester 17 has advocated “early” surgical 
repair if the patients “have or are about to develop symptomatic and functional 
listurbances.” Brown and Cook 10 have proposed waiting until after the 
iighteenth month. Gross 14 has suggested that operation be deferred until the 
fiiird or fourth year. In our review of the literature, the youngest patient 
i-eported was three months 11 and the oldest, 40 years of age. 2 

Surgical Correcfto?is.—Ludwig Meyer, 28 operating in 1911, was probably 
lie first to attempt a surgical correction of trichterbrust. His patient was a 
young adult having cardiac symptoms. The procedure consisted of resection 
if the second and third costal cartilages on one side. In 1913, Sauerbruck, 20 
having a similar patient, successfully resected the right costal cartilages and 
anterior ribs from the fourth rib to the costal margin. The result was so 
satisfactory that he subsequently repeated this procedure on 3 patients. Hoff- 
meister, 30 in 1927, described the Lexter operation; the sternum and attached 
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endotiachcal anesthesia Lestci’" lias diawn paiticniai attention to post 
operatnc subglottic edema secondan to endotiacheal intubation Pioteetion 
for tlie antei 101 chest nail, following lcmoial of tiaction appaiatus, probabl) 
is not a neccssiti , howexei, Gloss’ 4 has suggested that a light plastci \est 
be worn foi one month following disclmigc fiom the hospital 

The moitahn late is e\tiemelj low Indeed, the lecent liteiatuie is 
almost deioid of mention of opcintne deaths Lestei 1 icported one death m 
04 operations Rautch” repotted one death, fiom massne infection, m 21 
operations Bi eontiast, Oehsnci and DeBahej, 3 m then icuew of the hteia 
ture in 2030 lopoitcd si\ deaths m 32 opeiatne pioeedtues 

RESULTS 

The derail lesults of icpair foi funnel ehest aie good In oidei to 
considei a result as satisfactoiy, there should be a eoncction of bettei than 
75 pel cent of the oiigmal defect’" Possiblj the smimetneal defoimitj ofifeis 
a bettei repaiatne prognosis than the asjmnictiical 14 On occasion, the cosmetic 
icsult mas not be as satisfaetoij as the phjsiologic implement Brown and 
Cook 10 base stated that the "lcspiraton and psxchologic mamfestat ons ’ 
usuallj will be improicd, howeiei, the “catdine” findings aie often meiersiblc 
and show little change post operatn el} oien though there mat he subjectne 
mipioxement The case, piesented hi Domoi and lus associates” with sciere 
caidiac findings, demonstrated an excellent lesponse to opeiatne collection 
The icsult which is appaient within the immediate postopeiatne peiiod 
is a pool index ns to the final outcome During this time, the impioicment is 
usuall} maximal diminishes slowh, and finalh stabilizes at about the fouith 
week 10 ’* Thciefoic, final evaluation must he defened until the second oi 
thud month, postiepan 

CASE REPORTS 

Six eases of pcetus excavatum fiom the thoiacie suigcn soiuces of the 
Methodist Hospital of Brookhn and Kings Count} Hospital aie presented 


Table I 
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NO 1 
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No 
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5t 
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M 
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Smus arrhythmia 

No 


♦Recurrence of pectus excavatum folkming former repair 
fAsymmetrical (right) deformity 
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sternotomy; after elevation of the sternum, a costal cartilage free graft is 
placed beneath the lower end of the gladiolus, bridging the gap between the 
two hemithoraces anteriorly; all divided cartilages are sutured; no external 
traction apparatus is used because the sternum now rests on the cartilage graft. 

Lindskog 1 -: Resection of deformed costal cartilages; anterior transverse 
sternotomy; division of the diaphragmatic attachments to the xyphisternum 
without disarticulating the xyphoid process; elevation of the gladiolus in over¬ 
corrected position with wire suture traction. 

Ravi tell 3 3 : Resection of all re-formed costal cartilages; disarticulation of 
the xyphisternum, division of substernal ligament; anterior cuneiform osteotomy 
of the sternum as high as the most superior resected cartilage ; the body of the 
sternum is elevated and held in this corrected position by silk sutures placed 
at the site of osteotomy; no traction apparatus is employed. 

Gross 14 : Division of the xyphisternal articulation and substernal ligament; 
bilateral double wedge-excision of diseased costal cartilages; anterior transverse 
sternotomy and, occasionally, longitudinal sternotomy; elevation of the gladiolus 
and suture of wedged cartilages and sternum in the corrected position; ex¬ 
ternal wire traction is used to maintain the sternum in its corrected position. 

Dailey, 35 in 1948, was probably the first to utilize buried elevation support 
for the freed sternum rather than external traction. A rib graft was anchored 
to the anterior surfaces of the second right rib and the third left rib, passing 
beneath the elevated sternum. The result was quite satisfactory. This pro'ce-d; 
dure was advocated for use in those patients who had attained major growth."'' 
Adams, 30 "Woods, Overholt, and Bolton,'”' and Dorner, ICeil, and Schissel, 25 
later also utilized the substernal rib strut. jMiscall 38 reported his unfortunate 

► xperience in the use of buried, crossed Kirschner wires for sternal elevation. 

With his vast experience of 94 operations for pectus excavatnm in 90 
patients, Lester 17 has proposed three operations: “simple,” “radical,” and 
“modified” radical. The “simple” and “radical” procedures are essentially 
the same as described by Brown ; 10,13 the ‘ ‘ simple ’ ’ is reserved for infants 
under 12 to 14 months of age; the “radical” for those over 2% to 3 years 
of age. Those infants who fall in the intervening age group are the ones 
for whom the “modified” operation was devised. It is similar to the radical 
procedure except that the third and fourth rib cartilages are not divided 
and the sternotomy is performed at a level with the fifth rather than the 
third rib. 

COMPLICATIONS 


The most frequent operative complication is pneumothorax. Bleeding maj 
be profuse; however, frank hemorrhage is quite uncommon. 

Complications noted in the postoperative period are primarily those 
attendant with pneumothorax-atelectasis, pleural effusion, empyema. Para¬ 
doxical respiration may present a problem should there be inadequate statu i- 
zation of the sternum. Wound infection and keloid formation are sometimes 
found; the latter being encountered almost universally in longitudinal incisions 
over the sternum. There are also, those complications which are incident 
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All patients were subjected to similar procedures utilizing the new method of 
sternum stabilization. It is not, within the scope of this paper to offer case 
histories of a control group of patients by more conventional techniques. 

Plie operative procedure followed in 5 cases was the classical “radical" 
one described by Brown 1 ' and Lester. 17 A midline incision was performed 
from the manuhriogladiolar junction to just inferior to the tip of the xyphoid 
process. Muscular attachments to the costal cartilages were separated by 
sharp dissection. The xyphoid was divided from the gladiolus at the xjqilu- 
stemal junction. .Retrosternal muscular and ligamentous attachments were 
divided. Segments of all deformed costal cartilages were resected sub- 
perichondrially, from the costal arch to as high as the second rib. Transverse 
anterior cuneiform sternotomy was performed at a level with the highest 
resected cartilage. The sternum was elevated. A medium-sized Kirschner 
wire or Jong Stehmvmn pin was inserted between the anterior and postei’ior 
tables of the gladiolus at a level with the fourth or fifth costal cartilage. The 
pin was brought out, bilaterally, on the anterior surfaces of the fourth and 
fifth ribs, penetrating pectoral muscle and skin to emerge just below each 
nipple. Ordinary corks were threaded on the exposed pin, bilaterally, and the 
tips bent to prevent the corks from disengaging. Soft gauze was placed 
beneath the corks to afford protection of soft tissues against pressure effects. 
Collodion dressings covered the pin puncture sites. Strips of adhesion tape, 
from cork to cork, added further protection. Soft tissues were approximated 
in the midline. The anterior fascia of the rectus abdominis was sutured at the 
site of division from the lowest cartilages. Numerous sutures closed the 
subcutaneous tissues to provide Jess tension on the skin sutures in an attempt 
to avoid or minimize keloid formation. Drainage was utilized in a majority 
of cases; however, no wound complications were noted in any case. In 2 
patients, the pleura was inadvertently entered during surgery with attendant 
pneumothorax as a complication which was readily controlled by intrapleural 
catheter closed drainage. The supporting pin was extracted, with minimal 
discomfort to the patient, on tire second to third week postoperatively. 

One patient (Case 5) with an asymmetrical deformity was subjected to a 
different operative procedure from the others. On the more deformed side, 
double wedge resections of cartilage were removed, modified after Gross. 11 
On the other side, small segments were resected. Jolloning tianssei.se 
sternotomy and elevation of the gladiolus, wire sutures were placed at the 
sternotomy site and between reapproximated costal cartilages. 


Table IX 


CASE 

KO. 


1 

2 

3 

4 

5 
0 


INDICATIONS 
FOE SURGERY 


DIBS 

besected 


Cosmetic 

Cosmetic 

Cosmetic 

Cosmetic 

Cosmetic 

Cosmetic 


2-7 
3 - 7 
2-7 
4-7 
3 - 7 
3 - 7 


PIN 

extracted 


*Resulted in overcorrection giving appearance of mild pigeon breast. 


(day) 

j COMPLICATIONS 

| RESULTS 

IS 

None 

Fair* 

IS 

None 

Good 

14 

Pneumothorax 

Good 

IS 

Pneumothorax 

Good 

21 

None 

Good 

IS 

None 

Good 
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to the anterior chest wall 1 ’ 7 ’ 8 ’ 10 - I7 ' !< - 17 - ls - 73 - S4 ’ 30 accomplishes this requisite 
quite satisfactorily. There are, however, three inherent drawbacks; (1) the 
suture may break or tear out, (2) the patient must wear a rather cumbersome, 
though perhaps light, apparatus, and (3) the chest wall appliance may not 
remain stable. The rib strut method 17 - 3J < 30 is limited to nse in adults. Miscall 38 
utilized crossed Kirschncr wires rctrosternalhj for elevation correction of 
funnel chest in one case. One wire migrated into the pericardium several 
months postoperatively; however, the costostcrnal deformity had been suc¬ 
cessfully treated. 

Kirschncr wires or Stcinmann pins, used as we have described, have the 
disadvantage of not maintaining ovcrcorrcction; if, indeed, this is a dis¬ 
advantage. Our limited experience does not indicate that ovcrcorrcction is 
necessary. There is no danger of migration of the pin or of trauma to intra- 
thoracic viscera because the pin remains separated from these structures. 
Danger of infect on is no greater than with any other traction mechanism 
extending to the exterior by penetrating skin. The major advantages arc; 
(1) the pin cannot disengage the sternum, as with wire sutures (assuming 
that the correct caliber pin is selected), (2) there is no cumbersome external 
appliance, only two corks, and (3) it is readily inserted without resort to 
additional incisions, as when rib graft struts are employed. 


SUMM.UtV 

1. The etiology and evolution of the surgical treatment of pectus excavation 
has been presented. 

2. A new method of maintenance of the elevated sternum in corrected 
position has been described. 

3. Six cases of pectus excavalum treated surgically arc added to the litera¬ 
ture. 

4 . We believe that no single operative technique is applicable to all patients 
with this deformity. Each case should be evaluated in the light of which 
particular procedure will lend itself most advantageously to the deformity at 
hand; in short, a custom-tailoring procedure. 
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DISCUSSION 

The patients presented varied from 2 to 14 years of age. All gave a 
history of upper respiratory infections or some form of respiratory distress. 
Only one patient had pulmonary function tests (Case 5); the significant 
abnormalities being a vital capacity of 65 per cent of predicted normal and 
a maximum breathing capacity of 77 per cent of the predicted normal. The 
electrocardiogram showed right axis deviation in one patient and sinus ar¬ 
rhythmia in 3. The indication for surgery in all patients was primarily 


>.», i 



Fig. 3.—The suggested method of maintenance of correction in an ambulatory patient. 

“cosmetic.” Five of the 6 cases were primary repairs; Case 4 was a patient 
who had been subjected to corrective surgery three to four years previously 
and had had a recurrence. Follow-up extends from three months to three 
years, postoperative. Results are considered “good” in 5 and ‘ fair in one. 
The reason for classifying one patient as having only a “fair” result is that 
the defect was overly corrected; producing, in essence, a mild form of pectus 
incamatum. 

COMMENT 

Maintenance of the elevated gladiolus in a corrected, or overly-corrected 
position is, in our opinion, inimicable to the success of reparative surgery for 
pectus excavatum. Wire traction sutures attached to an apparatus applied 



THE SURGICAL MANAGEMENT OF LARGE INTRATIIORACIC 
GOITERS. CONTRIBUTIONS OF ANGIOCARDIOGRAPHY 
Laurence Miscall, M D , Richard B Nol\n, M D , Natiiinill Fixbi, M D , 

VND ISR \I'L ST4 INBTRG, MD 

New York, N Y 

L ARGE tumois of thyioid oiigin mo seen frequently in the supcuoi mediasti- 
j mini. Piompl suigical excision is indicated because of piogiessnc symp¬ 
toms due to displacement 01 obstuiction of adjacent xital stuictuies and the 
inci easing difficulties inheient in delay. The icpoits of incomplete opeiation, 
postopciative hemouhage, and infection itli the use of the usual codai in¬ 
cision have been common enough to indicate that gieater success may be 
achieved by the additional use of some type of thoiacic incision Exponents 
has shown that this is not onlv safer in many cases but also indispensable m 
otlieis. Fuitheimoic, the -\ciy extensive use of tomogiaphy and angiocaidiog 
raphy at the Ncw r York Ilospital dcmonstiates that these methods as supph 
ments to other loutine loentgenographic studies often yield mfonnation useful 
in the better adaptation of the opciativc appioach to the anatomic situation of 
the tumor. These studies of 5 patients with vciy laige thoiacic thyioid tumois 
weic selected to show how thoiough loentgcnogiaphic study, especially angio 
caidiogiapliv, aided in planning a suitable suigical appioach 

CASE REPORTS* 

Case 1—A 32 year old man was admitted to the hospital because an asymptomatic 
superior mediastinal mass had been found on a survey chest x rav It was barely palpable 
in the supraclavicular space The basal metabolic rate was -21 and other laboratory 
findings normal On chest loentgcnograms (rig 1, A and B), a large right superior 
mediastinal mass extended mferiorly to the right upper lobe bronchus and displaced the 
trachea and esophagus to the left Angiocardiogiaph) showed that the tumor also dis 
placed the innominate artery and right brachiocephalic vessels to a right anterolateral 
position (Fig 1, C and D) A right anterior transthoracic approach combined with the 
usual cervical collar incision was selected 

Operation —On Feb 1G, 1949, the neck w is explored through a low collar incision 
Since the tumor could not be safely mobilized through this approach, the right thorax was 
opened anteriorly through the bed of the third rib After incision of the mediastinal 
pleura, the tumor was freed without difficulty. With caieful manipulation m both the 
chest nnd neck and with anterior retraction ot the gieat vessels, the tumor was delivered 
through, the thoracic inlet A thin stalk connected it to the right thy roid lobe and after 
division and ligation of the superior thyroid vessels, the ma^s and right lobe were ex 
cised The chest and neck were both drained and the wounds closed without repair of 
the mediastinal pleura 

Pathologic Diagnosis —Nodular thyroid with involution and cystic degeneration 

x« i ?f 0Tn the Private Patient Surgical Service and the Department of Radiology, New 
10rk Hospital Cornell Medical Center and Tnboro Hospital New York N Y 
Received for publication April 24, 195C 

.. 'General anesthesia administered by endotracheal technique was employed in all 
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Fig 1 (Contd)— O, Frontal angiocardiogram demonstrates the opacified left ventricle 
aorta and brachiocephalic branches Note that the tumor lies between the displaced trache i 
and innominate artery (arrow') D Lateral angiocardiogram also reveals the opacified left 
cardiac chambers and aorta. Note the forward displacement of the innominate artery 
(arrow) * 
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Fig:. 1.—Case 1. A, Frontal chest x-ray shows a large right superior mediastinal tumor 
displacing- the trachea to the right. B, Frontal tomogram demonstrates that the mass ex¬ 
tends deep into the region of origin of the right bronchus, the trachea is not narrowed; the 
cartilaginous rings are intact 



Volume 3 j 
V umber 5 


SURGERY TOR INTRATIIORACIC GOITERS 


641 


CA'it 2—Tlio patient, a 45 yeaT old housewife, had had an enlarged thyroid gland for 
several y enrs Sim months prior to admission she had noted progressively frequent and 
severo “smothering attaels” An enlarged nodular thyroid gland was present The 
chest roentgenograms showed a huge right superior mediastinal mass extending posterior 
to the trachea and the esophagus, displacing them into the left hemithorax Anglo 
cnrdiographv showed marked anterior and right lateral displacement of the right braclno 
cephalic vessels (Figs 2 A, b, and C) In \iew of its sire and intimate relation to the 
posterior mediastinal structures, t right thoracic approach combined with a collar m 
cision was selected 

Opmttiw* Findings —On Icb 7, 1955, using a submammnry incision, the right thorax 
was opened through the bed of the second rib The tumor displaced the great vessels 
antenorh and to the right, and extended from the right upper lobe bronchus to the 
thoracic inlet It extended nntenorlv and posteriorlv around the trachea and esophagus 
The pleura was incised and, following mobilization of the great vessels anteriorly, the 
tumor was separated from the bronchus ami trachea Traction on the tumor delivered 
the esophagus which was then freed under direct vision I igation of many small vessels 
wns necessary Ihc size of this thoracic tumor would not permit passage into the neck 
and nccordinglv most of it was excised Further dissection through a low collar incision 
permitted tho remainder to be delivered into the neck and removed The wounds were 
closed with drninago of the right chest onh 

Pathologic Diagnosis —Modular cvstic goiter with involution 

Case 3—A G4 year old liouscwifo wus admitted to the hospital with complaints of 
chest pain, dyspnea, and hoarseness of four months' duiation Through a cervical in 
cision, a previous attempt at subtotal tlivroidectomy had been unsuccessful Roentgenog 
raphy with tomography revealed a large righ superior mediastinal mass which oxtended 
retrostornallv and yet the esophagus and trachea were displaced toward the right (Fig 
3, A) Angiocardiographv (Fig 3, b and C) showed a compressed right innominate vein, 
right posterior displacement of the innominate nrterv, and displacement of the loft brnchio 
cephalic vessels to the left The need for exposure of both sides of the trachea in the 
area between tho great vessels wus evident and therefore a sternal splitting incision in 
combination with a low collar incision was selected 

Operation —On Teh 28, 1T55, the sternum was split from notch to xiphoid The sub 
atemnl portion of the tumor filled tho mediastinum, extending interiorly over the pericardium, 
displacing tho superior vena cava anteriorly and to the right, and the innominate artery 
and branches posteriorly and to tho right The superior vena cava and innominate veins 
were mobilized, the left being compressed and barelv visible on the anterior surface of tho 
tumor It was then possible to diBsect the aorta and trachea freo from the posterior sur 
face The connection of the tumor mass to tho left thyroid lobe was divided and the mass 
excised The trachea and esophagus were still markedly displaced to the right by a second 
mass lying posterior to the axis of tlio aortic nrch and loft brachiocephalic vessels “With 
retraction of theso vessels to the loft and interiorly, this mass was mobilized to the 
thoracic inlet where it also was connected to the left thvroid lobe Dissection in both 
the mediastinum and neck permitted tho tumor to be delivered through a collar incision 
into tho neck and excised with the left tlivrotd lobe Both pleural spaces were drained 

Pathologic Diagnosis —Nodular goiter with cystic degeneration and involution 

Case 4—The patient, a G4vearohl housewife, complained of increasing cough, hoarse 
ness, dyspnea, and headache for six months The thvroid was nodular and symmetrically 
enlarged and engorged veins of the neck failed to empty normallv The chest roentgeno 
grams (Fig 4, A and B) revealed a massive superior mediastinal tumor, containing multiple 
amorphous calcific densities, wlucli extended into tho neck The midlme trachea was markedly 
and concentrically narrowed at tho thoracic inlet productive of a “crowing” respiration 
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Fig 2.—Case 2 A, Frontal angiocardiogram shows the opacified left heart and aorta: 
huge goiter lies behind the trachea and is displacing the distal part of the innominate 
'ter y. B, Lateral angiocardiogram shons fora aid displacement of the right innominate vein 
,a.rro\v) ; the tumor extends deep within the mediastinum and is behind the trachea C, 
Lateral angiocardiogram shows the opacified left heart chambers and aorta Note the dis¬ 
placement of the brachiocephalic vessels 
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The size of the mediastinal component alone is often sufficient to con¬ 
traindicate the attempt to excise it through an exclusively cervical approach. 
The difficulties in Cases 2, 3, 4, and 5, in which preliminary thoracic excision 
was neecssary, amply support this belief. Furthermore, careful study of the 
relationships of these tumors to surrounding structures should arouse some 
suspicion ns to the acceptability of blind dissection in the neighborhood of such 
structures as both pleural spaces, the great vessels, the esophagus, and the 
trachea. Unless one is prepared to trust to luck in the presence of uncon¬ 
trolled vascular tributaries, thoracic exposure must be obtained at least in 
some instances. 

In addition to these general objections, our experience further indicates 
that more careful evaluation, particularly by tomography and angiocardiog¬ 
raphy, permits classification sufficient to clarify tlio mode and time of de¬ 
parture from uniform cervical approach. 

I. Superior mediastinal goiters, which displace the trachea and esophagus 
to the left, present predominantly in the right superior mediastinum and dis¬ 
place the right great vessels anteriorly and to the right. Any substernal 
portion may compress the left innominate vein. These tumors more often 
displace than concentrically compress the trachea. A combination of cervical 
and right transthoracic incisions lias provided excellent exposure under such 
circumstances (Cases 1, 2, and 5). With adequate opening of the mediastinal 
pleura, the vessels have been readily freed and retracted anteriorly. This has 
permitted, under direct vision, mobilization of the tumor from the lateral 
aspect of the bronchus and traehea and particularly, as in Case 2, from the 
esophagus. Manipulation in both the neck and thorax has permitted passing 
the thoracic portion into the cervical area and then excising it en masse with 
the right lobe. It also has been possible when necessary, as in Cases 2, 3, and 
5, to excise the thoracic portion thus allowing the remainder to be delivered 
into the neck and removed with the attached thyroid gland. The excellent 
visualization of the posterior superior mediastinum and the lesser risk of open¬ 
ing both pleural spaces make this approach preferable to the sternal splitting 
incision which, however, may also be used. 

II. Superior mediastinal goiters which displace the trachea and esophagus 
to the right expand from a position posterior to and on the right of the axis 
of the aortic arch and the left great vessels. These split the great vessels of 
the two sides in opposite directions. They may cross the midline. Thus, in 
Case 3, the left brachiocephalic vessels were displaced to the left while the 
substernal and right portions of the tumor compressed and displaced the right 
innominate vein and superior vena eava to the right and anteriorly, but the 
innominate artery posteriorly. It should be noted that previous substernal 
thyroidectomy, through an exclusively cervical incision, had been unsuccess¬ 
ful. Such an unusually large and lobulated tumor should be approached be¬ 
tween the great vessels of both sides in order to expose both sides of the 
traehea. Under such circumstances, a combination of low collar and sternal 
splitting incisions has proved very satisfactory. Careful inspection of the 
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angiocardiography (Fig. 4, G and D), the right innominate vein was narrowed sufficiently to 
produce collateral circulation through the azygos system. The pulmonary artery and branches 
were moderately enlarged and the brachiocephalic vessels of both sides were displaced laterally. 
Tomography failed to reveal any cartilaginous rings. A primary collar incision, supple¬ 
mented by a sternal splitting incision, was selected with the hope of avoiding opening the 
pleural spaces in the presence of tracheal compression requiring tracheotomy. 

Operation. On Peb. 5, 1954, the thyroid was exposed through a collar incision. Since 
removal required further exposure, the sternum was split to the level of the fourth rib. By 
spreading the sternum and converting both incisions to a large, triangular area, excellent 
visualization was obtained. After both pleural reflections were mobilized with special care to 
avoid opening either pleural space, the inferior portion of the tumor was raised from the 
aorta. Its size and the transverse course of the left innominate vein prevented block excision. 
The mass then was mobilized from the anterior surface of the trachea and split longitudinally 
into two parts, carefully avoiding injury to the left innominate vein. Each half was then 
mobilized from below upward and, after ligation of many vessels, excised separately. The 
compressed section of trachea did not have its normal cartilaginous support and partial with¬ 
drawal of the endotracheal tube was followed by tracheal collapse and inspiratory stridor. The 
tube was advanced for support while a tracheotomy was performed through which a long endo¬ 
tracheal tube permitted continuation of anesthesia and maintained an excellent postoperative 
airway for ten days. The cervical portion of the trachea was supported by bilateral suturing 
to the medial border of the sternocleidomastoid muscles. The wounds were closed, and drain¬ 
age was employed for twenty-four hours. 

Pathologic Diagnosis. —Nodular goiter with cystic degeneration and involution. 

Case 5. —The patient, a 61-year-old white man, complained of mild intermittent 
dysphagia and choking sensations. Distended neck and chest veins and an enlarged nodular 
thyroid were the significant physical findings. Chest roentgenograms (Fig. 5, A) showed a 
large right superior mediastinal mass displacing the trachea to the left but not seriously 
compressing it. Tomography showed that this displacement was accompanied by lateral 
compression and loss of the cartilaginous rings on the side of the tumor, as contrasted with 
normal rings on the opposite side. Angiocardiography demonstrated abundant collateral 
circulation due to obstruction of the superior vena cava. A right thoracic incision com¬ 
bined with the low collar incision was selected. 

Operation. —On Dec. 22, 1955, the right thorax was opened through the bed of the right 
anterior third rib. The mass extended from the right upper lobe bronchus to the thoracic 
inlet and displaced the trachea to the left. Through an incision in the mediastinal pleura, it 
was mobilized from the trachea and esophagus posteriorly after the great vessels had been 
freed and retracted anteriorly. Despite this mobilization, the tumor could not be de¬ 
livered into the cervical incision even after division of the strap muscles including the 
sternal head of the right sternocleidomastoid. Following excision of its major portion with¬ 
in the thorax, delivery and excision in the neck were readily accomplished. The wounds 
were closed with drainage of the right chest without repair of the mediastinal pleura. 

Pathologic Diagnosis. —Nodular goiter with marked cystic degeneration. 

DISCUSSION 

Mediastinal tumors of thyroid origin are not tiniform in size, location, or 
mode of connection to the parent gland. An accurate knowledge of the rela¬ 
tionship of these thoracic goiters to the great vessels, trachea, and the 
esophagus provides the best basis for the most suitable surgical appioach. 
These cases were specifically selected because they demonstrate great variation 
in detailed findings which cast doubt on the contention that all can be safely 
removed through the cervical approach. 
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operative details of this ease shows that the position of the great vessels over 
the face of the tumor made right and left thoracic approach undesirable. In 
contrast to Case 4, both pleural spaces were opened and drained without fear 
since tracheotomy was not anticipated in this patient. Again, the low collar 
incision has provided for ready delivery and excision of the remaining portion 
of the thyroid. Thoracic drainage alone has proved sufficient. 

III. Superior mediastinal goiters which surround the trachea often 
severely compress it in a concentric manner without significant displacement 
and usually at or just below the thoracic inlet. The serious encroachment on 
the airway is also complicated by an extensive loss of normal cartilaginous 
support over the entire circumference in the area involved. Such findings 
require caution since an incompetent airway may result from removal of the 
supporting structure of the thyroid gland unless maintained through tracheot¬ 
omy and other measures as in Case 4. This contrasts with the findings in the 
other cases in which, although tracheal displacement has been accompanied 
by some deformity and softening on the side of pressure, the patency has been 
uniformly maintained by the undisturbed cartilaginous support in the remain¬ 
ing circumference making tracheotomy unnecessary. Tomographic survey of 
the tracheal rings in the tumor area has been a very satisfactory method of 
demonstrating such changes. The contrast is well illustrated by comparison 
of the x-rays of Case 4 with the others, particularly Case 5. The probable 
necessity for tracheotomy has rendered removal without pleural opening very 
desirable since a sucking wound with a leaking tracheotomy may carry serious 
hazard of pleural complications. Under these circumstances, a low collar in¬ 
cision with partial or complete splitting of the sternum has provided satisfac¬ 
tory exposure with maximal control of the airway and pleural problems. If 
one or both pleural spaces are accidentally opened, both anterior and postei'ior 
thoracic tube drainage should be instituted. 

SUMMARY 

1. In some patients with intrathoraeic tumors of thyroid origin, the addi¬ 
tional exposure gained by thoracic incision, supplementing the usual cervical in¬ 
cision, decreases the difficulties and risks of operation through the cervical ap¬ 
proach alone. Such a combined approach is particularly useful for extremely 
large tumors with complex relationships to surrounding vital structures. 

2. Tracheotomy is usually unnecessary when the trachea is simply displaced 
but, with concentric compression and loss of support by the cartilaginous rings, 
it is an indicated routine. Under such circumstances, exposure should be planned 
with the hope of avoiding the opening of the pleural spaces. 

3. The most suitable approach can be planned with information gained 
when tomography and angiocardiography are combined with the routine studies 
in defining the anatomic relationships. 

4. Five cases have been reported to illustrate the details of the diagnostic 
and therapeutic planning. 



Volume 55 
Number S 


TJIOll VCIC MEXINGOCEI.E WITH NEUROFIBROMATOSIS 


65 j 


When this was clone, dear fluid was seen to puKvtc out of the neck with every heart beat, 
and the index finger could be passed through the neck into the vertebral canal. Tho fluid 

wa* deduced to be cerebrospinal fluid, although the spinal cord was not visualized The neck 

of the sac was closed with interrupted No 4 0 «ulh sutures so that no further leak occurred 
After the removal of the ewt, the lung was able to bo exploded to fill about three quarters 
of the chest eavitv Acioidinglj, a catheter was inserted into the chest and the chest closed 
in routine manner The catheter was connected to undo water seal drainage 

Three dnvs later the lung had expanded well, but 400 cc of blood tinged fluid was 

aspirated from the chest Pour dav>* after the operation, the patient complained of marked 

pain down the ventral aspect of both thighs and weakness of the right leg. Straight leg 
raising of the right leg was limited to 20 degrees bv pain m the front of the right thigh 
Pa tell i and ankle clomrs were present on the right Their was a right Ribmski response 
There were no sen«orj change-* 



Fig 4 —Appearance of meningocele at operation 


Eight dajs after operation she was seen bj Dr Alan Bade) for neurologic assessment 
and he reported a partial Brown feequard syndrome with a lesion high in the thoracic area 

A lunibii puncture done on the sixth postoperative day gave xanthochromic fluid with 
520 mg. of protein per cubic centimeter, so that Dr Bade) suggested that there had been 
some hemorrhage into the cord at the site of the operativo removal of the meningocele. 

The patient made a slow but steady recover) with the return to her preoperative condi 
tion as regards her neurologic status The ventdntory function studies were repeated seven 
teen da)s after operation These showed a definite improvement of ventilatory capacity The 
lung had full) expanded (Fig 5) 

The Pathological Pcpoit (Dr. D F Moore)—A collapsed saclike structure was seen 
One pole was open It measured 15 cm in length and had a maximum encumference of 
21 cm Adjacent to the opened end, the wall was pale pink in color, averaging 0 2 cm 
m thickness At the opposite end, the tissue became whitish gray and almost gelatinous 
m consistency with the thickness increased to 2 6 cm Extemidlv this sac was fairly smooth, 
internally it had a wrinkled, leather) appevrance 
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A ray of the lung fields was reported by Dr. E. W. Spencei as follows: “Postero- 
anterior and lateral views of the chest show the presence of a tremendous mass occupying 
a greater portion of the right hemi-thorax, and in latcial pi ejection this seems to lie pn 
manly in the middle of the posterior mediastinum.” (Fig. 3 ) X-iay of the thoracic spine 
siowed a gross kyphoscoliosis of such a degiee that, in tire anteroposterior projection a 
direct view was obtained along the lumen of the uppei thoracic veitebral canal. The apex 
of the kyphosis appeared to be at the lei el of the fourth thoracic xertebra. No obvious 
enlargement of the internertebial foramina could be demonstrated ladiologieally. 



Fig. 3—Posteroantenor x-ray of chest showing huge meningocele on right side Septembei, 

1955—taken 2 weeks before operation 


Ventilatory function was evaluated by Dr. J. E. Merriman. The vital capacity was 58 
per cent of normal. The maximum breathing capacity was 1 6 per cent of normal. 

The preoperatixe diagnosis xxas a large neurofibroma occupying the right chest. 

Accordingly, on Sept. 8, 1955, I performed a right lateral thoracotomy. The anesthetist 
xxas Dr. Gordon M. Wyant. 

The riglit chest was largely occupied by a large, smooth, thick-walled cyst containing 
clear broxvn-tmged fluid (Fig. 4b The exst xxas attached in the paravertebral gutter in the 
region of the fourtli thoracic vertebra at the apex of the acute kyphosis. The cyst xxas entered 
and dissected free to its neck, xvhieli was divided at the level of the intervertebral foramen. 
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• J Ilsto]o £ 1GaU y> the cavity was lined by pale amorphous eosinophilic material, sometimes 
laid down m vague lamellae. In the region of the surgical opening, vestiges of leptomeninges 
were found. These were undergoing bland degeneration and patchy calcification. 

The bulk of the edematous wall was composed of loosely arranged, elongated cells 
with medium-sized fusiform nuclei. These cells seemed identical to those noted in the 
subcutaneous neurofibroma excised at the same time. This portion was well vascularized. 
It was encased in fibrotic parietal pleura, overlying peripheral nerve fibers. Near the neck 
of the sac, a few ganglion cells were incorporated in the nerves (Figs. 6 and 7). 



Pig-. 5.—Chest x-ray after excision of meningocele showing complete re-expansion of lung. 


DISCUSSION 

As in previously reported cases, the diagnosis was not suspected until opera¬ 
tion. The excuse for this is that the syndrome was not then known to the 
author. The patient had suffered from the manifestations of von Reckling¬ 
hausen’s disease since early life. Five years before she was seen at the Uni¬ 
versity Hospital, she had had a tuberculosis survey film of the chest taken and 
this had showed the mass in the right hemithorax. Then, in 1953, she had 
fallen on her buttocks and had sustained cord damage. Both she and her mother 
state that the kyphoscoliosis had not been present before this time, but it is 
hard to accept this as fact. Chest x-ray at that time showed the mass in the 
right hemithorax to occupy about two thirds of the right lung field (Fig. 1). 
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in 1949, reported the ease of 22-year-old soldier with neurofibromatosis who suf¬ 
fered a spine injury by being blown out of a tank. Three years later, because of 
pain, he was investigated and seen to have a kyphoscoliosis at the level T 8 -Ti 0 . 
At this level, there was a meningocele on the right side. The diagnosis 
was proved by myelography. The treatment was conservative. 

Otani, 10 in 1951, made a diagnosis of intrathoracic meningocele in a 
40-year-old woman, by means of direct puncture of the cyst. By percutaneous 
puncture, ho aspirated clear fluid which, by analysis, he showed to be exactly 
similar in composition to the cerebrospinal fluid. 

In 1951 , ICcssel” reported 2 eases. The first was a 23-year-old woman 
with a marked kyphoscoliosis and a meningocele situated at T s -T 6 , eroding 
the pedicles of three vertebrae on the left side. It was successfully removed. 
The second case was in an 8-year-old girl who, at 3 years of age, had an acute 
mid-dorsal scoliosis. At the ago of 7 years she suffered a fall. The scoliosis 
became worse and the left leg became spastic—then both legs became spastic. 
She had developed an acute kyphoscoliosis. X-ray showed gross lateral dis¬ 
placement of T : -T s vertebrae. The meningocele was 3 cm. by 2.5 cm. 

ICessel 11 states that up to that time 8 cases were recorded in the 
literature and his 2 made a total of 10, but of these 10, 7 were associated 
with von Recklinghausen's disease. 

In 1952, Ciaglia 1 - rcpoilcd the case of a 31-year-old woman with neuro¬ 
fibromatosis and acute kyphoscoliosis at C,-T, level, who had a meningocele 
at the left apex of the chest which contained 200 c.c. of fluid. It was success¬ 
fully removed and the patient was well three and one-half years later. 

Rubin and Stratcmeicr 13 record the youngest patient in the series. In 
1952, an infant, aged 7 weeks, was admitted to the hospital because of 
a progressive respirator}- distress due to an anterior thoracic meningocele 
displacing the trachea and esophagus to the left. There were multiple 
vertebral abnormalities. Unfortunately, the child died before treatment 
could be instituted and the defect was found to be at the fourth thoracic 
vertebral level. 

In the Swedish literature, in 1952, Turuncn” reported the case of a 
man, aged 33 years, with neurofibromatosis and kyphoscoliosis. He had a 
meningocele, 4 cm. in diameter, at the level of the T,-T s on the left side. 
Preoperatively it was thought to be a neurofibroma. It was successfully 
removed by Nylander. 

Cmyral, 15 in 1952, reported the first case of bilateral thoracic meningocele 
in a man of 53 years of age. This patient had a scoliosis but no mention is 
made of neurofibromatosis. The diagnosis was proved by injection of Lipiodol 
into the cyst. No definite treatment was given. 

In 1953, Baker and Curtis' 6 gave the most comprehensive review of the 
subject to date and recorded 2 cases. The first was a 40-year-old woman with 
neurofibromatosis but no spinal deformity. The meningocele was 4 cm. by 
5 cm. by 5 cm. and was situated at T s -T 0 on the left side. It was diagnosed pre¬ 
operatively by myelography and successfully excised. The second case was 
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Some progression of the size of the mass had occurred over the succeeding three 
years and progressive shortness of breath had occurred. This was relieved by 
excision of the cyst and re-expansion of the right lung. Following operation 
some further temporary cord damage occurred. 

The danger of removal of these intrathoraeic meningoceles has been shown 
by other writers. Mendelsohn and Kay 1 (1949) go so far as to say that they 
doubt the advisability of operating on these patients unless their symptoms are 
progressive. 

The first recorded case in the literature is that of Pohl 2 (1933). He oper¬ 
ated on a 47-year-old woman with neurofibromatosis, kyphoscoliosis, and a tho¬ 
racic meningocele on the right side, but the patient died of empyema. In 1938, 
Schuller and Uibez'all 3 z'eeorded the ease of a man 56 years of age, who had 
neurofibromatosis pins a thoracic meningocele, who died following nerve root 
section of T 6 -T s for pain. The meningocele was demonstrated by myelography 
and confirmed at autopsy. 

Ameuille, Wilmoth, and Kudelski 4 recorded a case of a 48-year-old woman, 
in 1940, in whom the meningocele was situated at the level of T 8 -T 9 . She died 
of empyema following an operation which had been performed because of the 
preoperative diagnosis of hydatid cyst. 

Cabello-Campos 0 (1946) records the cases of 2 patients diagnosed without 
confirmation. Segnpiel, Ruzicka, and Lodmell, 6 in 1947, reported a thoracic 
meningocele on the right side in a 21-year-old soldier. Operation was under¬ 
taken, but aspiration of the ej r st only was done and the diagnosis subsequently 
confirmed by myelography. This case was subsequently reported again by 
Byron and his associates, 7 in 1949. 

In 1948, Welch, Ettinger, and Heelit 8 recorded the case of a 41-year-old 
woman with a neurofibromatosis, marked kyphoscoliosis, and a posterior sulcus 
tumor at the level of T G -T 7 with enlargement of the intervertebral foramen. The 
lesion was a meningocele successfully removed by operation. 

Mendelsohn and Kay 1 in 1949, recorded the case of a 40-year-old woman 
with neurofibromatosis and meningocele, 3 cm. by 4 cm. by 8 cm., in the right 
chest which communicated with the subarachnoid space through the seventh 
intervertebral foramen. After excision, a moderate degree of headache and 
backache persisted for several weeks. 

In the same year Byron, Ailing, and Samson' recorded 2 new cases, A 
36-year-old woman, with a known 10-year history of the lesion at the right 
apex involving the intervertebral foramen between T®-T 3 vertebrae. Nine 
years later, there was a large lesion occupying the right upper chest, causing 
dyspnea. She had a marked scoliosis. The lesion was successfully removed. 
The second case was a 61-year-old man with neurofibromatosis and kypho¬ 
scoliosis. The cyst was 7 cm. in diameter and occupied the right apex of 
the chest. The patient died at operation of hemorrhage and cardiac arrest. 

In the discussion on Byron’s 7 paper, Head spoke of a 48-year-old man 
who had a meningocele diagnosed by lumbar puncture. Aspiration of t c 
cyst revealed exactly similar fluid samples. Cross, Reavis, and Saunders, 
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a posterior sulcus tumor in this disease is a neurofibroma. Yet in actual 
fact this association is extremely rare. It would appear that meningocele 
is a much more common entity. 

Furthermore, in considering mediastinal tumors, meningoeele is rarely 
mentioned in the differential diagnosis. Blades, 31 in his review of 109 cases 
of mediastinal tumors, does not mention it. 


Tadi,e II. Summary of Cases Intratiioracic Meningocele From the Literature 
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RESULTS 
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15 Female 
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15—Right 

16—Operation 

Died 7 



11 Male 

8—No 

7—Left 

7—No opera- 
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Recovered 11 



1 Ua- 

3—Un- 

2—Bilntcrnl 

1—Died be- 




known 

known 


fore 



treat¬ 
ment Unknown 9 
S—Unknown 3—Unknown 


The pathology of the 2G recorded eases has not been well defined by the 
authors. There ore very few reports of the exact nature of the wall of the 
cyst. The present recorded case shows definite evidence that these meningoceles 
may not arise in the usual manner, but that they may develop from degenera¬ 
tion within a neurofibroma which subsequently communicates with the sub¬ 
arachnoid space. They may commence as a dumbbell type of tumor. The cyst of 
this case in general had a wall 0.2 cm. in thickness, but at its lower portion 
it was 2.6 cm. in thickness and in this area it had the structure of a neuro¬ 
fibroma. Furthermore, in one area of the cyst, a myelinated nerve was found. 

Ifessel 11 suggested that the etiology was ,to be found in degenerative 
processes in the bodies of the vertebrae with out-poucliing of the meninges. 
This cannot be substantiated in this case. It is therefore suggested that these 
meningoceles may indeed commence ns true tumors of nerve tissue origin 
exactly similar to cutaneous lesions and that the subsequent cyst results from 
degeneration and cavitation with later communication with the cerebrospinal 
fluid. It is to he hoped that, in future studies of these lesions, very careful 
attention will be given to the pathologic and histologic picture of the cyst 
walls. 

Surgical excision of the tumor would appear to be the treatment of choice, 
as the lesion progresses slowly. However, small meningoceles without symptoms 
could be safely followed conservatively. Modern surgery makes the excision 
of the cyst relatively safe provided meticulous closure of flic neck is carried out. 

• CONCLUSION 

A case of thoracic meningocele is recorded in association with neurofi¬ 
bromatosis and acute kyphoscoliosis. 
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a 63-year-old man with no neurofibromatosis and no spinal deformity. The 
patient had Paget’s disease. At operation, a cyst was found at level T 0 -T 10 
on the right and the diagnosis was established by a type of Queckenstedt’s 
test, with a needle in the cyst. It was successfully excised but the patient 
died nine months later of Paget’s disease. 

Sears, Clayton and Siebel, 17 in 1953, record a. meningocele in a 29-year- 
old Negro woman with no evidence of neurofibromatosis. Kyphoscoliosis was 
present. She had a meningocele, 10 cm. in diameter, situated at level T 2 -T 3 on 
the left side. It was successfully removed. 

Three further examples of intrathoracie meningocele were reported in 
1954. Gernez-Rieux, and LePaul 18 describe the case of a 59-year-old man with 
a meningocele on the right side at the level of Tn-T 12 . Kyphoscoliosis was 
present, but no generalized neurofibromatosis. The diagnosis was made by 
Lipiodol injection. No treatment was given to the patient. In Germany, 
Ilackensellner and Pape 19 report the case of 45-year-old woman who died of 
a cerebral tumor. She was found to have bilateral meningoceles situated 
at the level of Dn-D 10 . The one on the right side was about the size of an 
apple and that on the left a little smaller. She had a typical generalized 
neurofibromatosis. The third case to be reported, in 1954, was that of Wil¬ 
helm, 20 who describes a 38-year-old woman who was known to have had a 
density in the upper right lung field for five years. Four years later, it had 
enlarged and she had pain in the right shoulder and shortness of breath. 
She suffered from typical von Recklinghausen’s disease and had kyphoscoliosis 
of the upper dorsal and cervical spine. The meningocele was the size of an 
apple. She was operated on but died of cardiac arrest and autopsy showed 
she had a pheochromocvtoma as well as an intrathoracie meningocele situated 
at the level of T t . 

This, therefore, brings the list of recorded cases to 27, including the 
present case. A table (Table I) has been made setting out the characteristics 
of all these cases and Table II gives the summary of them according to age, 
sex, association with neurofibromatosis, kyphoscoliosis, and the side of chest 
involved. The treatment employed and the results are summarized. 

It will be noticed that the average age is 40 years. There is a slight 
preponderance of females over males. At least 60 per cent are associated 
with neurofibromatosis and kyphoscoliosis. The right side of the chest pic- 
ponderates over the left. Fifteen patients have been operated on and, of 
these, 11 recovered. 

It would therefore appear that this syndrome has a predilection for 
middle-aged females and that the right side is more frequently involved than 
the left. 

The diagnosis should be possible before operation by means of myelography 
and suitable positioning to cause the opaque medium to enter the sac. 

It is interesting to note that thoracic meningocele is not generally recorded 
as a complication of von Recklinghausen’s disease. The usual explanation of 
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Tiiis would appear to constitute a syndrome which is not generally re¬ 
corded in connection with von Recklinghausen’s disease. 

The condition should be capable of diagnosis preoperatively by means of 
myelography. 

The treatment is excision with careful closure of the neck of the sac. 
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down to the level of the noetic arch. In dealing with malignant lesions, the left 
recurrent laryngeal nerve is routinely sacrificed. Mobilization of the supra- 
aortic portion of the esophagus is easily carried out under direct vision and 
separation of the esophagus or tumors from the trachea may he safely carried 
out. If necessary, portions of the membranous trachea can be excised. In one 
case, here reported, the tracheal rings were flexible and allowed linear suture 
of such a defect with only moderate narrowing of the trachea. The esophageal 
arteries arising from the aortic arch and from bronchial arteries can be 
secured and ligated under direct vision. Access to the upper mid-esophagus 
can be facilitated by gently lifting the aortic arch forward and to the left. 



In this manner, the normal portion of the esophagus can be freed down to the 
level of the carina with relative ease. Beyond this, the esophagus is freed by 
finger dissection. Although occasionally individual vessels can be clamped 
and ligated, it may be necessary to interrupt several small vessels without liga¬ 
ture. YVe have seen only minimal bleeding from such a maneuver. 

As soon as the resectability of the lesion is established, a second team 
begins mobilization of the entire stomach through a midline upper abdominal 
incision. The freeing of the stomach is carried out so as to preserve the right 
gastric and right gastroepiploic vessels. The short gast ' nd lc stro- 
epiploic vessels are divided. The left gastric artery is ea in 
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Fig-. 1.—The skin incisions vised for cervical, mediastinal, and abdominal approach to esophagus 

and stomach. 



Fig. 2.—The exposure as seen after division of the sternum and left innominate vein. 



Vol me 33 
N umler 5 


ANTERIOR YPPRO YCI1 IN FSOPII YGECTOMA 


G67 


On May 13, 1953, a total esophagectomy was earned out through cerv icomediastinal and 
abdominal incisions Gastrointestinal continuity was reestablished by plinrynigogastrostomy— 
tlio stomach being advanced through the interior mediastinum The tumor invaded the mem 
branous portion of the trachea, n 2 cm segment of w Inch is ns removed The tracheal rings 
woro pliable and it was possible to make a linear closure with onlv moderate narrowing, pos 
tcriorly One hnipli node, of eight examined, contained tumor The postoperative con 
valcscenco was uncomplicated The patient was discharged on the fifteenth postoperative day 
Approximately six weeks after discharge, a course of radiation amounting to G,000 r 
(tumor dose) was given over n period of ono month Shortly thereafter he returned to work 
He has remained well during the ensuing \ear 

Casi 3—M G II (No 8947G2), a 3Svcarold truck driver, entered tho hospital com 
pinning of dvsplngia of two months duration The esophagus was completely obstructed and 
In had lost 21 pounds of bodv weight Except for weight loss there was no physical ab 
normality Roentgcnographie exinumtion showed an extensive lesion consistent with car 
emoma which extended from the li\ popharvnx to below tho aortic arch Bronchoscopy 
showed displacement of tlie trachea but no actual invasion of tumor through the mucosa 
On .Tune 9, 1955, an cxploraton opcntion was performed through a cenicomediastinal 
incision The trnchca was invaded extuisneh and there were many grossly involved lymph 
nodes The lesion was not resectable A tracheostomy was established 

Tho postoperitive convalescence was uncomplicated The patient subsequently died of 
pneumonia during radiation treatment, prcsumnblv having developed a tracheoesophageal 
fistula as a result of necrosis of tumor 

C\sf 4 —M G H (No 931324), a 3<> vear old housewife, came to tho hospital because 
of a 20 pound weight loss and dvsplmgin She could oat soft foods with difficulty Physical 
examination and all liborntorv examinations were normal Radiographic examination of the 
esophagus showed an extensivo filling defect extending from the cervical region to below' 
the aortic arch Bronchoscopv showed no involvement of the trachea 

On Nov 21, 1955, esophagectomy and cervical csophagogastrostomy were carried out 
through cervicomediastinal and abdominal incisions During this procedure, the azygos 
vein was accidentally divided It was necessary to open tho right pleural cavity to control 
bleeding The tumor was rather extensive, measuring 8 cm m length There were metastases 
to two paratrachcal lymph nodes and three of fourteen paracsopl ageal nodes, all adjacent to 
tho tumor In this patient an attempt was made to avoid a tracheostomv However, this 
was necessary four days later because she had difficultv raising secretions On the six 
teenth postoperative dar, a cervical abscess with n fistulous communication to the esophago 
gastric anastomotic line was drained 

The fistula gradually closed over the next month, and a course of radiation (3,000 r 
tumor dose) was given to the upper mediastinum and cervical area Slow convalescence 
has continued to date 

Case 5—M G II (No 916G54), a G5ytnr old carpenter, came to the hospital complain 
ing of dysphagia of three months’ duration Despite a 30 pound weight loss lie was still obese 
Tho heart was enlarged, and was fibnllating at a slow rate lie had been taking digitalis 
for several years Roentgenograpluc examination of the esophagus with barium showed a 
large filling defect involving the upper third of the esophagus Other laboratory and special 
diagnostic studies, including bronchoscopy, were normal 

On Feb 3, 1956, a total esophagectomy with pharyngogistrostomy was performed The 
carcinoma of the esophagus extended for a distance of G cm, the upper edge being at the 
cncopliaryngeus muscle There were two lymph nodes involved by tumor Two days following 
operation, an embolus lodged in the left brachial artery An cmbolectoray was performed with 
restoration of normal circulation to the extremity Convalescence was then unev entful until the 
tenth postoperative day when tlu patient suddenly died Autopsy showed a pulmonary embolus 
to be the cause of death The mediastinum and Hie pharvngogastnc anastomosis were well 
healed 
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to preserve continuity between right and left gastric vessels along the lesser 
curvature. The surgeon working from the abdominal approach mobilizes the 
lower esophagus and draws it down much as in the performance of a trans¬ 
abdominal vagotomy. Through the hiatus, the lower esophageal vessels can be 
pulled down with a finger and the proximal portions clamped and ligated. Oc¬ 
casionally, a vessel cannot be reached with instruments. If so, it is simply 
stripped out of the esophageal wall and allowed to retract. In this manner, 
the dissection from above meets the dissection from below. The entire esophagus 
is thus freed and, after severance from the stomach, delivered into the superior 
mediastinum. The mobilized stomach is brought through an opening in the 
anterior portion of the diaphragm into the anterior mediastinum. The stomach 
will reach the pharynx by this route without undue tension. A three-layer 
anastomosis between the stomach and pharynx, or esophageal stump, is made. 
For this, fine interrupted silk sutures are used. 

The abdominal wound is closed in layers using through-and-through stay 
sutures. The sternum is wired with heavy steel wire. 

It is important to establish a tracheostomy before withdrawal of the 
endotracheal tube. This can be placed to the right of the midline so that the 
tracheostomy does not communicate with the area of mediastinal dissection. 


CASE REPORTS 

Case 1.—M. G. H. (No. 866878), a 62-year-old man, was transferred to the Massachusetts 
General Hospital from a state tuberculosis sanatorium because of esophageal obstruction of 
two weeks’ duration. He had been treated for extensive fibrocaseous pulmonary tuber¬ 
culosis for eight years. For five years, he had been paraplegic as a result of cord com¬ 
pression due to tuberculosis of the spine. Boentgenograms demonstrated a filling defect 
in the cervical esophagus extending down 7 cm., from a point 3 cm. below the crico- 
pharyngeus muscle. There was also extensive fibrosis of the upper lung fields. Bronchoscopy 
showed a paralyzed left vocal cord and some anterior displacement of the trachea without in¬ 
vasion. 

On April 7, 1955, a total esophagectomy and pharyngogastrostomy was carried out 
through cervicomediastinal and abdominal incisions. A tracheostomy was not established. 

Postoperatively, he had copious tracheobronchial secretion but coughed effectively 
until, on the eighth day after operation, the sternal wound separated. About the same time, 
orally ingested liquids appeared from the mediastinum. A tracheostomy and a feeding 
iejunostomv were made. Despite these measures lie gradually deteriorated and died on the 
twenty-eighth postoperative day. 

Post-mortem examination revealed a tiny leak at the gastropharyngal suture line, 
dehiscence of the sternal wound resulting from cutting through the bone by wire sutures, 
localized infection of anterior mediastinum (anterior to transplanted stomach) in con¬ 
tinuity with the open sternal incision, pulmonary congestion and edema, pneumonitis, severe 
tracheobronchitis, fibrocaseous pulmonary tuberculosis, tuberculosis of the spine, chronic 
cystitis with calculi, pyelonephritis acute and chronic, and atrophy of the spinal cord distal 
to compression at the collapsed eleventh dorsal vertebra. 

Case 2.—-M. G. H. (No. 891317), a 70-year-old doorman, entered the hospital with pro¬ 
gressive dysphagia of four months’ duration. At the time of entry he could swallow only thin 
liquids. There had been a 20-pound weight loss. Physical examination and all laboratory 
tests were normal. Eadiologic examination with barium showed a large obstructing lesion ex¬ 
tending down 4.5 cm. from the level of the sternal notch. 
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On the basis of mu limited excellence with this pioccduic, it appeals that 
a logical modification might he to transect the esophagus beneath the tumoi, 
turn in the distal tut end, lesoct the tunim and adjacent ljniph node aieas 
and lestoie continuity by tiansplantation of the colon 01 jejunum tlnough the 
antenoi mediastinum In most patients, mobilization of the colon is moie 
readily accomplished than fleeing of the stomach Paiticulaily m obese and 
thick-chested individuals, the tiansabdoniinal exposure that permits dissection 
to mobilize the stomach is difficult to obtain Complete longitudinal division 
of the sternum aids m exposuic smee the costal maigins can be sepaiated 
once the sternum is split, but even with this aid to exposuic this poition of the 
operation may be difficult and time consuming 

The postopeiativc eaie of these patients icquncs that ccitain piccautions 
be taken A tiaeheostomy must be perfoimcd The transplanted stomach 
continues to secieto and aftei the patient begins to take liquids there may lie 
gastnc letention The stomach becomes subject to the same fluctuations in 
piessuie as othei intratlioiaeie viseeia and especially dining coughing there 
may be leguigitntion into the pinnynx and spill ovei into the tiachea Also 
the dissection about the pharynx causes tempoiaiy' distmbanco of suallowing 
mechanisms Thcie may be aspuation of vanablc amounts of fluid and food 
for days, 01 even weeks, aftei operation A tracheostomy is necessary to deal 
with this complication Aftei transplantation of the stomach into the thorax 
a Levin tube should be left in place and aspirated continuously, until the 
patient can be uptight while taking fluids and until satisfactoiy emptying of 
the stomach has been demonstrated 

suvtvi \RV 

A technique foi pciforming total esophagectomy tluough cervical, trans 
sternal, and abdominal incisions is desciibed This method has been used foi the 
lemoval of cervical and supenor mediastinal caicinoma of the esophagus 
Gastiointestmal continuity lias been le established by gastiopharyiigostomy 
or high gastroesophagostomy, the stomach being adv anccd tlnough the antenoi 
mediastinum 

Wo are indebted to Dr Edward D Churchill for pointing out tlio merits of a eervico 
thoracic approach to a \arietj of lesions that arise m the superior mediastinum and upper 
thorax 
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Case 0. M. G. II. (No. 920032), a 60-year-olcl man, entered the hospital with complete 
esophageal obstruction. He was emaciated and an indefinite tumor could be palpated in the 
base of the neck. Roentgenograms showed an extensive ulceration of the esophagus from 
the pharynx to below' the aortic arch. The larynx was invaded and the loft vocal cord was 
paralyzed. A bronchoscope could not be inserted. 

On March 22, 1950, the neck and mediastinum were explored. An extensive carcinoma 
of the esophagus which invaded the larynx and the entire trachea was found. A tracheos¬ 
tomy and a gastrostomy were made. The immediate postoperative convalescence warn un¬ 
eventful. Radiation was begun but the patient deteriorated rapidly and died of broncho¬ 
pneumonia. 

DISCUSSION 

There are several advantages of this method of dealing with lesions of the 
upper esophagus. It allows easy and direct exposure of the esophagus from the 
aortie arch to the pharynx. This is possible because of the slight deviation of 
the esophagus to the left and the ease with which the trachea and esophagus can 
be rotated to allow dissection. With tumors in the thoracic outlet, the entire 
dissection of the tumor can be carried out with a single exposure. This avoids 
partial dissection of the lower end of the tumor from within the chest and the 
upper end of the lesion from the neck. Once the sternum has been split and the 
left innominate vein divided, the exposure of the mediastinum is adequate. 
One of the impressive features of Ibis exposure is the shallow depth between 
the anterior bony thorax and the anterior surface of the vertebral bodies in the 
neck and upper thorax. Lower in the thorax, the anteroposterior diameter 
is greater and exposure of the esophagus more difficult due to the posterior 
inclination of the spine as it curves dorsally. Nevertheless, dissection is 
straightforward down to the level of the left main-stem bronchus. 

The second advantage of this method of performing total esophagectomy 
is that neither pleural cavity needs to be entered. Since most of the patients 
are in older age groups, this feature may allow operation in some patients that 
otherwise would he considered unable to withstand operation. The pleura was 
entered in only one of the 6 patients on whom this procedure has been carried 
out. 

The third possible advantage of this approach to lesions of the upper 
esophagus is that gross extensions of tumor to lymph nodes in both the cervical 
and upper mediastinal areas can readily be removed with the primary tumor. 
In each of the 4 patients on whom resections were performed, there were tumor¬ 
bearing lymph nodes adjacent to the main tumor and in the sulcus between the 
trachea and esophagus. In 2 patients, the left lobe of the thyroid was adherent 
to cervical tumors and was removed in continuity. 

The disadvantages of this procedure are several. If one utilizes the 
stomach for restoration of continuity, the entire distal esophagus must be re¬ 
moved. This involves more or less blind dissection of the esophagus fi oni the 
level of the carina down to the diaphragm. Although significant bleeding fiom 
esophageal arteries stripped from the esophagus wall has not been encountered, 
this is an inherent danger that might require a radical extension of the ap¬ 
proach. In one ease, the azygos vein was inadvertently divided and it was 
necessary to extend the incision into the right pleural space to control bleeding. 
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replaced with a homograft. If the dissection had involved the arch or ascend¬ 
ing aorta, "A window was cut in the intima above and the remainder of the 
wall was then sutured to obliterate the false passage. Distally, the dissected 
layers were approximated by a continuous circular suture and the ends of the 
aorta anastomosed.” 2 

These operative procedures attempt to produce a ‘‘healed aneurysm,” and 
offer an opportunity for the cure of this otherwise almost hopeless disease. 
It is worth while to point out that the extent of the dissection and the origin 
of the initial split in the intima will necessitate modifications of the application 
of the surgical concept of creation of a ‘‘healed aneurysm.” 

Shennan, 0 who catalogued the largest scries of dissecting aneurysms, listed 
in great detail the extent of the dissection in 297 cases. In 121 instances, the 
dissection remained limited to the ascending aorta or arch. In 101 cases, it 
started in the ascending aorta or arch and extended for a variable distance into 
the descending aorta and sometimes beyond the iliac arteries. In only 62 
individuals, did it start at the origin of the left subclavian artery or within 
the descending aorta so that the arch was entirely free of the dissection. In 
10 cases, the dissection started in the abdominal aorta (below the level of the 
diaphragm). 

This is a very clear demonstration of the necessity for modifications that 
will enable one successfully to attack all such possible problems. 

Arterial homografts or substitutions will be most useful in caring for those 
cases where the dissection has begun beyond the arch or in the abdominal aorta. 
The full concept of the “healed aneurysm” will be applicable where the dissec¬ 
tion has started in the ascending aorta or arch and progressed into the descend¬ 
ing aorta or beyond. This still leaves the very large group of patients in whom 
dissection is only within the arch or ascending aorta and for which no operative 
procedure has been suggested. Transection of the ascending aorta or arch with 
present-day methods would seem to be impractical. 

The following is the report of an operative case with survival in which a 
“double-barreled” aorta was created. During the operative procedure, a pos¬ 
sible method of treating those patients in whom the dissection is limited to the 
ascending aorta or arch was suggested. 

CASE REPOST 

The patient, (F. W.) hospital No. 55-10107, a 64-year-old white ioan, was in good 
health until Sept. 2, 1955. While presiding at a meeting, he developed severe interscapular 
pain which did not radiate and accompanied by profuse sweating over his entire body. There 
was no precordial pain. He was hospitalized in his community hospital. One-half grain of 
morphine did not control the pain, but an additional 150 mg. of Demerol alleviated it. His 
past medical history revealed that he had been treated for moderate hypertension of 150- 
160/100 mm. Hg for ten years. At the time of the discovery of his hypertension, a positive 
serology was noted which was treated with bismuth nnd arsenicals. The serology remained 
positive. 

Physical examination showed an obese white man in acute "distress w-lio presented a 
shockliko picture with cold clammy sweat over his entire body and a marked sailor. Blood 
pressure was 160/100 mm. Hg. Examination of the heart ... ' m “ rhythm 

with occasional ventricular extrasystoles; no murmurs ... 1,1 r 

Reflexes were equal and within normal limits in both lower 



SURGICAL TREATMENT OP DISSECTING ANEURYSM 
Richard A. Gilman, M.D.,® and Charles P. Bailey, 

Philadelphia, Pa. 

P) ISSECTING aneurysm lias been recognized as a clinical diagnostic and 
pathologic entity for many years. The disease itself has been described 
extensively in the literature. Classic among these are the pathologic works of 
Erdheim 3 ’ * and Moritz,' the very minute clinical and pathologic study of 
Shennan, 9 and the clinical review of Levinson, Edmeades, and Griffith. 6 

_ ^ s PA e all the clinical and pathologic work which has been done, a 
review of the world literature reveals that proposals for treatment of this 
condition have been sporadic and scant. 

The natural history of the course of dissecting aneurysm suggests a rational 
approach to the surgical therapy. Once dissection has been initiated there are 
two avenues of termination. The first is ultimate rupture through the adventitia 
with hemorrhage and death. The second is a final rupture back through the 
intima into the aortic lumen with the formation of a “double-barreled” aorta. 
This i*epi’esents the so-called “healed aneurysm” which is compatible with 
life for an indefinite period, but which occurs only in approximately 10 per 
cent of cases. 10 

Gurin, Bulmer, and Derby, 5 in 1935, were the first to attack a dissecting 
aneurysm surgically. While operating upon a patient to relieve obstruction 
to the iliac artery caused by a dissecting aneurysm, they opened the intima 
allowing the blood in the channel of dissection to return to its normal passage. 
The patient died on the sixth postoperative day. The case, however, initiated the 
concept of the surgically created “healed aneurysm. ” It was not until 1955 
that Shaw 8 reported the second attempt. He not only fenestrated the aorta, this 
time in the abdominal portion, but sutured the dissected layers together distally. 
This was a second important step as it prevented further dissection beyond the 
re-entrance point. This patient died on the ninth postoperative day. DeBakey, 
Cooley, and Creech, 1 - 2 in 1955, reported 6 cases treated by surgery with four 
survivals. Their techniques varied, but basically consisted of transection of the 
descending aorta with suture of the cut end of the distal segment of the split 
media and intima of the inner tube to the media and adventitia of the outer, thus 
obliterating the entrance of blood into the external passage distally. When it was 
feasible to resect the dissected proximal portion of the aorta entirely, it was 
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The patient was prepared and taken to surgery on Sept. 0, 1955. 

Opcrntnc rcpoit: A standard left posterolateral thoracotomy incision was made, 
widely opening both the fourth and seventh intercostal spaces to gam complcto access to 
the entire thoracic aorta. Inspection mealed that the proximal portion of tho aortic arch 
was only slightly dilated while tho distal areh and descending aorta were dilated to appioxi- 
mutely three times their normal size. The nd\cntitia had an ccchymotic appearance. It 
liad been plnnned to anastomose a whole homologous aortic arch graft obliquely end-to-sido to 
tho proximal arch, to divide the lower thoracic aortn, to repair the split coats of the distal 
segment and to establish continuity by an end to end anastomosis between tho graft and 
tho lower segment. Later, the upper dissected segment would have been excised. After 
application of the modified Satinskv clamp to the ascending aorta, the excluded portion was 
opened. Two lumens were found in what had appeared to be a normal aorta. Feeling 
that our previous plan was illogical, the opening was closed and the thought of substitution 
of a graft for the ili^ea^ed segment of aorta was abandoned. The opening in the ascending 
aorta was repaired. 



•'i 


Fig. 2—Aorta outlined with 70 per cent Diodrnst. A double contrast shadow Is seen 
beginning at the origin of the innominate artery and extending parallel with the left half of 
the aortic arch and the descending aorta 

A modification of the method of DcBakey, Cooley, and Creech was chosen instead. Tho 
descending aorta was dissected free, two pairs of intercostal arteries being divided. The 
aorta was doubly eross-elampcd at widely separated points. The combined adventitia and 
outer portion of the split media were incised transversely into the false lumen anteriorly 
and on both sides, leaving the posterior half of its continuity intact. This prevented sep¬ 
aration of the two ends, facilitating and expediting the final anastomosis. The dissection was 
found to encompass the entire wall, creating a true double barreled tube. A great deal of 
soft, jellylike, black clot was evacuated from the false lumen (Fig. 3). The inner tube, con¬ 
sisting of split media and mtima, was divided in its entire circumference (Fig. 4). The 
cut end of the distal split wall, was repaired using a continuous arterial suture of No. 4-0 
silk, obliterating the fal««e lumen at this level (Fig. 5). The proximal cut end of the ex¬ 
ternal tube, consisting of the adventitia and the outer portion of the split media, was sutured 
to the entire thickness of the reconstituted wall of the distal segment by an over-and-over 
suture of No. 4 0 arterial silk (Fig. 6). This was accomplished with ease, and gave a 
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irilh *LZ U "™„r 0li °7“ f° msr0 ' ; ■'' ,0re P*™*”* ° £ «”8h ««. controlled 
did. These coughing episodes were accompanied by cyanosis which necessitated 

continuous oxygen therapy. On Sept. 3, 1855, he developed moist rales throughout both lung 
helds. X-ray of the chest was interpreted as showing a diffuse dilatation of the ascending 
aorta, arch, and descending aorta (Fig. 1). A diagnosis of a syphilitic aneurysm of the 
aorta was made and the patient was transferred to the Thoracic Surgical Service of the 
Hahnemann Hospital, in Philadelphia, on Sept. 4, 1955. Here a clinical diagnosis of dissect¬ 
ing aneurysm of the thoracic aorta was made. 


Upon admission, he was still complaining of pain in the interscapular area and, in 
addition, a diffuse type of abdominal pain. Blood pressure was 170/80 mm. Hg. There 
were expiratory wheezes and moist ffiles thiougliout both lung fields. The heart revealed a 
normal sinus rhythm with no murmuis. The abdomen was negative with no tenderness or 
spasm on palpation. Reflexes were equal and active, and good arterial pulsations were present 
in the lower extremities. 



Fig. r.—Posterior anterior and left lateral view of the chest demonstrating what appears to 
be a diffuse dilatation of the thoracic aorta 


Laboratory data: Hemoglobin, 14.8 mg. per cent; hematocrit, 50; sedimentation rate, 
16 mm./hr.; white blood count, 17,650; segmented cells, 83 per cent; basophils, 1 per cent; 
lymphocytes, 9 per cent; and monocytes, 7 per cent. Urinalysis was normal. An electrocardio¬ 
gram demonstrated a normal sinus rhythm with occasional ventricular extrasystoles. The 
S-T segments were depressed in all leads, and the T waves w*ere of small amplitude or 
bipliasic in all leads. These studies were interpreted as showing left ventricular strain and 
myocardial damage. Routine x-ray studies showed a generalized dilatation of the distal 
aortic arch and the descending aorta. 

On Sept. 7, 1955, an aortogram was done, using 70 per cent Diodrast administered 
through a catheter inserted into the left brachial artery. It showed that there was less 
than the expected amount of luminal dilatation of the aorta but that a double contrast 
shadow began at the point of origin of the innominate artery and extended parallel with 
the left half of the aortic arch and the descending aorta (Fig. 2). This double shadow 
was on the superior margin of the arch. This demonstration was considered confirmatory 
of the clinical diagnosis of dissecting aneurysm. 
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Tig 3—The distal split coats are sutured together vlth a continuous o\cr and 
o\er suture of No. 4-0 arterial silk This cffectUely reconstitutes the distal aorta 

Fig 6.—Proximal outer coats of the dissected aortic vail arc now sutured to the 
entire distal reconstituted vail with No 4-0 arterial silk with a simple o\er-and-o\er 
stitch 

Fig. 7—Diagram shoving blood flowing proximally In both the outer dissected channel 
and In its true path Into the reconstituted distal aorta 

DISCUSSION 

The method of creating a complete “double-barreled” aorta with establish¬ 
ment of a completely free continuity between the tiue and false lumina at a level 
well below the site of initial dissection represents a logical modification and 
extension of the method devised by DcBakey, Cooley, and Creech. By diverting 
the entire aortic stream into the lumen of the reconstituted lower segment, it 
would seem that any tendency of a created intimal window to become narrowed, 
due to clotting or healing, should be eliminated. 

The initial attempt to substitute a homologous graft for the dissected aorta 
in this case led to the suggestion of a possible method of attack upon those 
relatively numerous dissections which remains limited to the ascending aorta or 
arch. 

By the application of a modified Satinsky clamp of the type used to isolate 
a portion of the aorta for the attachment of a pericardial pouch for transaortic 
commissurotomy (Pig. 8), a portion of the outer dissected layer might be ex¬ 
cluded and then incised (Pig. 9). Then, a pericardial pouch could be affixed 
to the lips of the incision. Through this, an exploring finger could be inserted 
to determine the extent of the dissection accurately (Pig. 10). With a hooked 
knife, such as was used originally in the performance of mitral commissurotomy, 
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strong suture lino. I he final result was the creation of two separate tubes proxiniately 
empty, ng . ,„to one combined distal tube. The area of the suture line then was r“2 
Ji a circumferentially placed C ufT of nylon fabric (Fig, 7 ). The time of circulatory 

ArfZTl f" aS y , mmUtt ‘ 3 ' Durn ‘ K lh0 “I'ernth-o procedure, tl.o patient was given 
A rf oiud to maintain his arterial pressure at a level of about 70 mm. llg systolic 



Fig. 3. Fig. .1. 


l'lg. 3.—The outer coats oC the dissected wall have been divided transversely leaving 
the posterior wall of the outer coats Intact. The Inner tube remains Intact at tills singe. 

By gently loosening the clamps and milking the aorta, the clot In the outer channel Is 

removed. 

Fig. 4.—The Inner tube 1ms been divided transversely throughout Its entire circumference. 

Po$U>i>erativc course: The patient responded well from tlio anesthesia. During the 
first 24 hours, a persistent hypotension was managed with 1-iiorcpiiioplirino and whole blood. 
In the first 24 hours, there was an output of 240 c.c. of urine, which in the next 48 hours 
increased to 40 e.c./lir. After tin; first 24 hours, the patient’s circulation became stabilized, 
and his course was satisfactory. The patient was placed on anticoagulants 12 hours after 

surgery and these wore continued until the twelfth day. Check x-rays the day after surgery 

showed a small collection of fluid in the left pleural space which was proved to bo dark 
unelottcd blood (by thoracentesis). On Sept. 21, 1955, x-ray again revealed cvidonco of 
fluid in the pleural cavity. This time 200 c.c. of clear straw-colored fluid was removed. No 
further fluid accumulated. The patient’s progress was slow but lie continued to show im¬ 
provement until Oct. 5, 1955. lie then started to vomit and developed anorexia. During 
the next few days, a progressive increasing jaundice appeared, Ceplmliu flocculation was 4 
plus, thymol turbidity 3.7 units, alkaline phosphatase was 4.3 units, total bilirubin wns 12.0 
mg. per cent, urobilinogen was present in the urine, and the stools were not acholic. The 
liver was enlarged and tender, A diagnosis of infectious hepatitis was made and tho 
patient treated for it. Ills jaundice subsided and bis appetite improved. No further dif¬ 
ficulties were encountered and the patient was discharged in good condition to his home on 
Oct. 28, 1955. lie has continued to improve, and is quite well at the time of submission of 
this manuscript for publication. 







Fig 12 — 4, A hooked knife (original knife used for miti ii commissurotomy) Is Inserted 
alongside the finger incising the inner tube from the extent of the dissection proximalb 
B, Since it is felt that one incision Is inadequate to pro\lde free re-entrancc of the blood into 
the true channel multiple splits are made Into the true channel 




Fig 13 —The clamp has been reapplied the pericardial pouch removed and the incision 
in the outer coats repaired 

Fig 14—-Diagram shouing blood coursing in both the true and false channels ’ 

into the undissected distal channel 





Fig. 8. Fig. 9. 


Fig. 8.—The entire area of the suture line is wrapped with nylon for reinforcement. 
Fig. 9.—A portion of tiro dissected ascending aortic wall excluded by a modified Satinsky 
clamp. 



Fig. 10.—The outer coats have been incised but the inner tube r “wndf after the 
Fig. 11.—A pericardial pouch has been attached to t:bes outer dissected %y ill / a « c / crt ™ d 
manner of attaching a pericardial pouch for aortic commissurotomy) and a finger 
to explore the extent of the dissection. 



FAILURE OF CARDIO-PERICARDIOPEXY TO PROTECT PIGS 
AGAINST ACUTE CORONARY OCCLUSION 

IlAimy Gross, M.IX, Aujk E. Bloomberg, M.D, Morton Rosenblatt, M.D., 
Adrian Kantrowitz, M.D., Clarence J. Sciiein, M.D., and 
Rutiiven Ferreira 
New York, N. Y. 

T IIE purpose of this study was to determine whether the operation of tale 
cardio-pericardiopcxy would protect the pig against acute coronary occlu¬ 
sion. This animal was chosen for two reasons. First, Bluiugart and his co¬ 
workers showed that the pig heart, like the human, normally has no intra- 
myocardial anastomoses. 1 Second, the rapid growth of the pig in a relatively 
short period of time makes it possible to evaluate the protective role of tale 
during a period of rapid growth. Chardack’s- recent work in the dog further 
emphasizes the fallacy of using dogs in the study of experimental coronary 
disease. 

METHOD 

Yorkshire piglets weighing from 30 to GO pounds were anesthetized with 
cither intravenous or intrapcrifoncal veterinary Nembutal. An endotracheal 
airway was established in all animals. Our earlier attempts wore directed at 
transglottic intubation using specially devised long laryngoscopic blades and 
tubes. This procedure was not uniformly successful. The later experiments 
were carried out via transtracheal intubation. In all animals requiring intuba¬ 
tion, positive pressure oxygen was administered. 

Control Group .—Following intubation, the heart was exposed transpleurally 
in a group of G piglets. The left anterior descending coronary artery was tied 
2 cm. or more from its origin. Many of these animals survived. For this reason, 
the left anterior descending coronary must be ligated within 2 ein. of its origin 
in order uniformly to kill the animal. 

Experimental Group .—Animals were prepared by inserting 4 to 6 Gm. of 
sterile USP talc (magnesium silicate) into the pericardium. This was done as 
an extrapleural procedure. All animals received antibiotics postoperatively. 

Fifty pigs were used in this phase of the experiment. Twenty-one sur¬ 
vived the procedure and were challenged at various intervals from one to fifty- 
five weeks. The remaining animals were included in the control group used to 
determine the site of lethal ligation, or were lost due to technical difficulties. 
The challenge entailed left anterior coronary artery ligation at the site which 
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inserted alongside the finger into the pouch, the inner layer then might be 
repeatedly incised longitudinally to the most distal limit of the dissection "(Figs. 
11, 12 A and B, and 13). By reapplication of the clamp, the pouch would be re¬ 
moved and the outer layer of the wall repaired with sutures. This area then 
might be reinforced with a layer of nylon fabric. Thus, conversion to a "healed 
aneurysm” would be brought about (Fig. 14). 

This would not reconstitute the aorta distal to the new opening, but would 
tend to alleviate the effective head of dissecting pressure by allowing a run-off 
into the natural aortic lumen. It is brought to mind that these dissections in 
this area apparently reach a zone in the media which is resistant to the dissecting 
force so that frequently they do not progress further but rupture either out¬ 
ward- or inward before progression can be resumed. Unfortunately, most often 
they rupture to the exterior. By the creation of a large vent through which 
the blood may return to its normal channel, at least the effective head of the 
dissecting column will be reduced. This will not be complete assurance against 
further progression, but would seem to be at least a step forward in the treat¬ 
ment of this very large group of dissections which do not progress far enough for 
more completely definitive surgery before external rupture occurs. 


SUMMARY AND CONCLUSIONS 

1. The surgical concept of creating a "healed aneurysm” of the aorta has 
been discussed. 

2. A case with survival after the fullest exhibition of such surgical treat¬ 
ment has been presented. 

3. A modification of the present method of treatment was used which con¬ 
sisted of leading the two entirety separate lumens into a reconstituted distal 
segment, thus accomplishing entire diversion of the dissection pressure head. 

4. A possible method of corrective approach to dissections which occur only 
within the arch and ascending aorta is presented. 
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Microscopic Findings ,—Sections were taken from the mid- and posterior 
portions of the interventricular septum and the left anterior ventricular walk 
Histologic examination of the specimens showed two types of reaction. In the 
early cases there was acute pericarditis with an inflammatory reaction. In the 
later cases, there were scarring and foreign-body granuloma formation with 
numerous giant cells. In none was there a significant or widespread collateral 
circulation into the pericardium or myocardium (Figs. 1-4). 


\ Nwno Pig t iviy 
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Pig # 1919 

Ligation of left main coronary artery Is followed by rapid changes terminating in 
ventricular fibrillation four minutes later. 

Lead I shows inversion of T waves. 

Lead IT shows sharply pointed deeply inverted T wa\es. 

Lead III shows RT depression and sharply pointed deepl> in\erted T wa\es. . 

Lead aVf shows profound RT depression. 

Three minutes after ligation: 

Lead I shows a broadening of the R wave. 

Lead II shows a marked shift in axis and marked widening of QKfe. 

Lead III shows marked RT depression and T wa\«»s. ventricular r 

Lead aVf shows multJ/ocal premature beats followed by a run of \entrlcii r p.» 
beats. 

-Four minutes after ligation fatal ventricular fibrillation developed. ***-"-t 
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had proved fatal in the control group. These operations were done trans- 
pleurally. During the survival period which ranged from one to fifty-live 
weeks, the older animals increased their weight tenfold so that the largest 
survivors weighed 600 to 700 pounds. 

The anterior left coronary artery was ligated and divided within 2 cm. 
of its origin. In a few animals, intermittent occlusion by a clamp preceded 
the final ligation and division of the artery. Continuous electrocardiogram 
tracings were obtained on all the animals. 


EXPERIMENTAL RESULTS 

The results are detailed below. It is important to note that in the interval 
between talc preparation and challenge, there was no interference with the 
growth or activity of the animal. In no instance was constrictive pericarditis 
observed. 

The electrocardiographic changes resulting from tale were characterized 
by transitory evidence of pericarditis and myocarditis in the form of lowering 
of the T waves. The electrocardiographic changes described were all evaluated 
in relation to the preoperative record. Electrocardiograms taken immediately 
following ligation of the coronary arteries showed the typical responses to 
coronary ligation with the development of currents of injury, displacement of 
the ET or QT segments up or down, the development of T-wave changes, and 
various types of arrhythmias. Monophasic curves of injury were frequent. 
Premature beats of the auricle or ventricle, often multifocal, developed; runs 
of premature ventricular beats that were often the precursors of fatal ven¬ 
tricular tachycardia. In many instances, the transition from normal sinus 
rhythm to fatal ventricular tachycardia was direct and sudden. In the cases 
where the occlusion was temporary and released before the onset of ventricular 
fibrillation, it was possible to restore normal sinus rhythm and to abolish 
currents of injury. 

The period of survival following ligation in the talc-prepared animals 
paralleled exactly that of the control animals. No animal survived the proce¬ 
dure. The maximum period of survival was 29 minutes. 

Pathologic Findings .—The ligation of the left anterior descending coronary 
artery within 2 cm. of its origin was confirmed in all cases. Since the time 
between occlusion of the coronary vessel and the death of the animals was 
short, none of the hearts exhibited gross changes in the myocardium. All 
shouted a grayish-white thickening of the pericardium. In the hearts of pigs 
surviving one to four weeks after talc installation, there was a fibrinous 
exudate on the surface of the thickened pericardium. The hearts of longer 
survivals showed more thickening. The pericardial reaction was greater over 
the anterior than over the posterior part of the ventricles. Over the posterior 
surfaces of some specimens, fairly normal pericardium was found. The peri¬ 
cardial reaction was greater near the atrioventricular groove than at the apex. 
Both of these differences are related to the anterior injection of the talc. 
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FI FT, 3.—A section through the pericardium over the left anterior \cntncular wall m a 
Pig that sur\i\cd fi\c months before the coronary artery was ligated Note the dense fibrosis 
surrounding the talc granules, nn occasional foreign-body cell, and a \ery few small blood 
vessels. 



\„ nt Fig- 4—This section shows both the pericardium and myocardium from the left anterior 
th» r « al1 in another pig that survived five months. Again note the dense fibrosis in 
niyo«fd? ard Um wIth the new blood vessel formation in either the pericardium or 
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AN EVALUATION OF TWO NEW TOPICAL. ANESTHETIC AGENTS: 
DYCLONE* AND CYCLAINE** 

F A Hogues, M.D., J D. Mobley, M.D , R J Bills, M D , 

J. R Burwell, M.D , and J. IV. P vrn, M D 
Memphis, Tfnn\ 

T HE “ideal” topical anesthetic agent should possess the following piop- 
eities (1) inpid onset of anesthesia (2) high potency, (3) ficcdom fioni 
untoward leaetions in amounts normally employed, (4) wide margin of safety 
even when absorbed, (5) no local irriation, and (6) no eioss sensitization to 
other anesthetic agents This papci piescnts a compaiison of two new agents 
developed in the continuing scaieli for the ideal topical anesthetic agent 

The present study is divided into two paits. The fiist is a lcview of the 
literature on the toxicity of Dyclone and Cyclaine and out toxicity studies 
on Dyclone, Cyelainc, tetracaine, and cocaine. The second pait consists of a 
clinical e\ aluation of Dyclone and Cyclaine anesthesia for bronchoscopy, bi on- 
ehogrnphy, esophagoscopy, and esophageal dilatation 

REMEW OF TIIE LI1I It WORE 

Beyer, Latven, Fieyburgcr, and Parltei 1 compaicd the toxicity of Cy- 
claine, cocaine, and other anesthetic agents by the LD.„ technique The find¬ 
ings of their study of the toxicity of Cyclaine and cocaine in milligiams per 
kilogram of body weight are shown in Table 1 It is apparent that these two 
agents are of equal toxicity when giren intravenously in mice but, when 


Table I 





| RAB13ITS 

| GUINEA PIGS 



MICE 


AQUEOUS 

I ADrENALIN 




SUBCUTANFOUS 

SOLUTION • 

| SOI UTION 




(MG /KG ) 

(MG/KG) | 

(MG /KG ) 

C) claine 

24 

1080 

1G4 

146 

385 

Cocaine 

25 

140 

70 

27 
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admimsteied subcutaneously Cyclaine is consideiably less toxic, milligtam 
for milligram, in mice, labbits, and guinea pigs No lepoit of Cyclaine toxicity 
studies in dogs could be found Beyei and co-woikeis 1 found that as a topi¬ 
cal anesthetic agent, Cyclaine is as potent ns cocaine when equal concentra¬ 
tions aie employed They also state that 1 and 2 pei cent concenttations of 
Cyclaine give appioximatcly the same duration of anesthesia as the corre¬ 
sponding concentrations of cocaine 

Prom the Thoracic Surgery Section Veterans Administration Medical Teaching Group 
Hospital, Memphis 15. Tenn 

Received for publication May 8, 195G 
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DISCUSSION 

No beneficial effects resulted from talc eardio-pericardiopexy in protecting 
the pig heart against subsequent ligation of the coronary arteries. 

Pericardial adhesions developed wherever talc powder was insufflated. 
The adhesions were dense and so avascular that when they were cut, no bleed¬ 
ing resulted. They were firm enough so that they had to be cut by sharp 
dissection for, when cut by blunt dissection, atrial tears frequently resulted. 

During the period of observation, there was no histologic or gross evidence 
of increased collateral circulation. The experimental animals did not survive 
any longer than the controls regardless of the duration of talc instillation. 

The burden imposed on the coronary circulation by our experiments was 
great. The ligations were sudden, complete and high, 2 cm. or less distal to 
the bifurcation of the left coronary artery. Since there was no stimulus for 
the development of a coronary collateral circulation in our animals by pro¬ 
gressive coronary narrowing as in Blumgart’s experiments, the burden on the 
coronary circulation and the test of the effectiveness of pericardio-pericardio- 
pexy were great. 

The experimental conditions do not completely mimic the course of human 
coronary artery disease. In man, the greatest stimulus to a collateral circula¬ 
tion is progressive coronary narrowing. Indeed, when the collaterals are well 
developed, occlusions of one or both major coronary arteries may be well 
tolerated. Contrariwise, sudden hemorrhage into a plaque of a coronary artery 
close to the bifurcation, when coronary disease is local, is usually fatal in man. 
This clinical condition is simulated in the expei’iments performed. 


SUMMARY 


1. In the normal pig, the introduction of talc into the pericardium is well 
tolei-ated. 

2. Animals surviving talc pericardio-eardiopexy for as long as one year 
were not protected by this operation against acute occlusion of the left coronary 
artery. 

3. Constrictive pericarditis was not produced in any of the animals. 


We are indebted to the Lederle Laboratories Division of the American Cyanamid Com- 
panv without whose generous help this work could not have been carried out, and to Drs. 
Kanegis, Percivai, and Tonelli of their Staff for much help. 
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just listed at the lute of 1 e c pei minute until dead The end point of death 
was dctcimined as the time of cessation of the heaitheat The lethal dose foi 
the v.atious agents in milhptinins pei kilogiam ot hods weight is shown in Table II 

l Mn e II 


UM An L1TIIAL nosr 



l \ W^TIIFTIZFH | 

WFSTIIf TI7FD 

COMBINFIKTOtirS 

UTNT 

(Vln/KC) ; 

(VIO /KG ) 

(MO /k0 ) 


C\ chine (0 dogs) 

32 0 

31 9 

31 95 


(t dogM 

(3 dogs) 


I>i clone (6 dogs) 

12 <) 

11 s 

12 3 


(3 (logs) 

(3 (log c ) 


Tctracaim (4 dogs) 

11 0 

62 

84 

(2 dog«) 

(2 dogs) 


Cocaine (4 clogs) 

22 4 

28 l 

is 

c,i 

o 


(2 dog*!) 

(2 do„«0 



The pictuic appeals different (Table III) when these same data are eon 
sulcicd in i olumc of each agent pei kilogiam of bod} w eight Thus, to obtain 
a lethal dose in dogs it lequned 3 8 times as gie.it a volume of Dj clone per 
kilogiam as Cjclaino, oil times the volumc of Dyclone ns tetiacune, and 10 
times the -volume of Djclone as cocaine Cjclame appeals slightly less toxic 
(ce/ICg) than tetiacamo and cocaine, but the difference lioie is not great, 
and the numbei of dogs emplojed was not laige enough to be statistically 
significant The comparison on the basis of cubic ccntnueteis pei kilogiam is 
moio valid because the vaiious agents weie used m the concentrations that are 
used clinicalh 


TWO III 


AGENT 

WFI \< 1 1 FT1IU DOSF 

UNANESTHFTI7FD 
(CC/KO ) 

1 WFSTHETIZFD j 

1 (GC/Kr) 1 

COMBIVFD GFOUPS 
(C C/KG ) 

C) chine 

0 G4 

0 Go 

0 65 

D} clone 

26 

24 

25 

Tetracaine 

0 55 

0 31 

0 42 

Cocaine 

0 22 

0 28 

0 25 


All of the unanistheti/ed dogs had stukinglv sinulai iespouses following 
administiation of tlusc v nitons anesthetics All dogs exhibited maiked saliva 
tion, iiiinarv lncontiniinc, geneialized convulsions, and usually hvperpnea 
puoi to cessation ot uspnation In neailj all cases, lespnation ceased a few 
seconds puoi to the cessation of hcaitbcat 

In the anesthetized animals pulse and aiteual piessuie weie lecoided bv 
means of a cathetei m the icmoi il aiteiy connected to a nieicury manometer 
and kvmogiaph Each cubic centimeter dose of Cyelaine, tetracaine, and 
cocaine produced m ill animals an almost immediate maiked fall in piessure 
that peisisted loi appioximatelv 30 seconds following administration Fol 
lowing Cyclone administiation the piessuie and pulse remained nearlv con 
stant until the lethal dose was appioached at which time the piessure fell 
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Hudson and Jacques 2 report the use of Cyclaine topically for a variety 
of procedures, including bronchoscopy, with a negligible incidence of unto¬ 
ward reactions. Clark, Orkin, and Rovenstine 3 state that a 2.5 per cent solu¬ 
tion of Cyclaine will anesthetize the larynx in almost every patient for a pe¬ 
riod of 15 minutes and a 5 per cent solution is effective in all instances for 
approximately 30 minutes. 

Abreu and his associates 4 report that 2 mg./Kg. body weight of Dyclone 
administered intravenously in anesthetized dogs did not significantly affect 
blood pressure or pulse, nor did it reduce the cardiovascular response to 
acetylcholine or increase response to epinephrine, demonstrating a lack of 
parasympatholytic action. Doses of 5 to 10 mg./Kg- in anesthetized dogs given 
in a period of one to 2 minutes caused respiratory failure in some animals. In 
15 unanesthetized dogs, they found that the dogs tolerated 2.5 to 3.0 mg./Kg. 
intravenously and 20.0 to 25.0 mg./Kg., orally. The intravenous LD 50 for dogs 
was found to be 9.5 ± 1.3 mg./Kg. 

Arora and Sharma 5 found 10 mg./Kg. Dyclone fatal to anesthetized dogs 
when administered in a period of 25 seconds. These investigators describe 
the pharmacology of Dyclone in detail. Arora, Kulshrestha, and Sharma 0 found 
Dyclone in a 0.5 per cent concentration to be more rapid in onset and of about 
equal potency as 5 per cent cocaine or 1 per cent tetracaine when used topi¬ 
cally for ophthalmic surgery. 

Himalstein/ in a recent review of the problem of topical anesthesia prior 
to peroral endoscopy, concluded that severe and fatal reactions are far more 
common than generally appreciated. His opinion was that most fatalities are 
due to overdosage and only a small number due to true drug idiosyncrasy. He 
points out the wide range of dosage of cocaine and tetracaine employed by 
different endoscopists. He stressed the importance of using as small a quan¬ 
tity of anesthetic as possible commensurate with adequate anesthesia. 

In his experience, lidocaine and Cyclaine showed some promise of sup¬ 
planting cocaine. 

METHOD OF STUDY AND RESULTS 

We undertook to determine the intravenous lethal dose of both Cyclaine 
and Dyclone in dogs and to compare the lethal dose of these agents with those 
of cocaine and tetz-acaine similarly administered. We employed the various 
anesthetic agents at the concentrations used clinically preparatory for endos¬ 
copy. Previously at the Veterans Administration Medical Teaching Group 
Hospital (Kennedy), Memphis, Tenn., we have employed either 10 per.cent 
cocaine or 2 per cent tetracaine for anesthesia prior to endoscopy. Presently, 
we are employing 5 per cent Cyclaine or 0.5 per cent D\ clone. 

In the experimental laboratory, 20 healthy mongrel dogs weighing, be¬ 
tween 8.2 and 20 kilograms were used, one-half of which were unanesthetized 
and one-half were lightly anesthetized with intravenous sodium pentobarbital. 
All received the selected anesthetic agent intravenously in the concentrations 
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SUMMARY 

Prom the data picsented, it is appnient that, in dogs, intravenous Dyclone 
is appreciably less toxic than CycLnne, tetracaine, or cocaine. Apparently 
Cyclaine in dogs is slightly less toxic than tetiacaine and cocaine, but the 
difference is not gie.it Clmii.dh, mild tioublesome icaetions aie less tiequent 
with these agents than they wue when tetracaine and cocaine weie employed 
Both Cyclaine and Dyclone produce adequate anesthesia in most patients 
for about 10 to 40 minutes Fuither clinical use of these agents is warranted 
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Salivation, urination, and convulsion were totally absent in the anesthetized 
animals. These animals did. however, exhibit hyperpnea just prior to cessa¬ 
tion of respiration as did the unanesthetized clogs. 

CLINICAL EVALUATION 

Pieviouslj, patients who were to undergo endoscopy, bronchography, or 
dilatation of esophageal strictures were anesthetized with approximately 
10 c.c. of a 10 per cent cocaine solution or a 2 per cent tetracaine solution. 
Appi oximately t c.c. of either agent was used to anesthetize the throat and 
larynx by applying the agent to the pyriform fossa with Jackson cross-action 
forceps. Approximately 3 e.e. of the remaining anesthetic was diluted with 
water to form solutions of 1 per cent and i/ 2 per cent, respectively. The 
diluted anesthetic was then dripped between the vocal cords in aliquots of 1 
to 2 c.c. until adequate anesthesia of the bronchial mucosa was obtained. Pa¬ 
tients who were to undergo bronchoscopy or bronchography were instructed 
not to swallow any of the agent so as to minimize unnecessary absorption. If 
the patient was to undergo esophagoscopy or esophageal dilatation, small quan¬ 
tities of the diluted anesthetic agent were swallowed. Using this technique, 
adequate anesthesia was consistently obtained in over 6,000 successive endos¬ 
copies during the years 1943 to 1954, with no fatalities attributable to topical 
anesthesia. Serious untoward reactions were few; however, mild, disconcert¬ 
ing anesthetic reactions occurred in approximately 1 or 2 per cent of cases. 

As a clinical research project, we started employing Dyclone for anes¬ 
thesia in July, 1954, and Cyclaine in April, 1955. Fifteen cubic centimeters or 
less of either 5 per cent Cyclaine or 0.5 per cent Cyclone is employed by the 
same technique as described for the other agent. Since April, 1955, the nurse 
has set up the anesthetic trays and has alternated the anesthetic agents so 
that the endoscopist does not know which anesthetic he is employihg until the 
examination is over. Since Cyclaine and Dyclone have been used we have per¬ 
formed 457 bronchoscopies, 67 esophagoscopies, 289 bronchograms, and 56 
esophageal dilatations on 665 patients. Some of these patients were included 
in a previous report from this hospital on Dyclone topical anesthesia. 8 

Results have been satisfactory with both agents with respect to potency, 
promptness of action, and relative freedom from untoward reactions. The 
oxygen tank and the Pentothal syringe now go almost unobserved in the 
corner of the anesthetic room. After the completion of an examination, the 
endoscopist is permitted to learn what anesthetic he has employed on his pi e- 
ceding patient. By this method, the impression has been gained that Cyclaine 
becomes effective a little more promptly than Dyclone. However, the latter 
produces adequate anesthesia in about six minutes. Some examiners feel that 
Cyclaine gives more complete anesthesia. The duration of anesthesia with 
each agent is usually about 30 to 40 minutes which is adequate for most endos¬ 
copists. In indicated cases, the anesthesia is usually adequate for subse¬ 
quent bronchography. 
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CLINICAL SIGNIFICANCE OF OXYGEN REMOVAL 

John C. Kovach, M.D.,* and George Morales, M.DV* 

New York, N. Y. 

°ur surgical cardiac patients, the routine preoperative work-up includes 
Vy cardiac catheterization, residual lung capacity determination, angiocardiog¬ 
raphy, and spirometric studies. In the course of investigation, it has become 
evident that the oxygen removal is of special significance. A low value with 
no increase or a decrease on exercise may have ominous portent. 

Two postoperative fatalities in young patients after pulmonary resection 
(lobectomy and pneumonectomy) who had had no apparent abnormalities 
beyond their pulmonary disease preoperatively, other than an abnormal oxygen 
removal, focused our attention on this entity. 

The oxygen removal is the amount of oxygen in milliliters that is removed 
from one liter of respired air. The normal removal rate at rest is 40 ml. per 
liter of ventilation and at exercise is 60 ml., an increase of 50 per cent. Normal 
resting and exercise ventilation rates are assumed to be 5 and 15 L. per minute 
for an average man. 

CLINICAL MATERIAL 

To illustrate the various causes of a low oxygen removal, we have selected 
the following case histories. Table I summarizes the data in the order discussed. 

The only abnormal feature of the first patient (L. L.) was a low oxygen 
removal, 34 ml. per liter of ventilation, which did not increase on exercise. 
Clinically, with all available evidence, she was considered to have a normal 
heart, there was no hyperventilation and them was a straightforward diagnosis 
of right lower lobe bronchiectasis without sequelae. The chest plate was 
essentially normal (no parenchymal disease). Preoperatively, the low oxygen 
removal which did not increase with exercise was commented upon but no reason 
could be given for it. She died on the seventh postoperative day. Our inter¬ 
pretation is that there was unrecognized right ventricular damage of which 
the only evidence was this low oxygen removal which did not increase with 
exercise. 

The question might well be asked: what does a normal resting oxygen 
removal indicate in the presence of obvious parenchymal disease? Subject 
T. H., a 26-year-old Negro woman with tuberculosis, had a resting removal of 
44 ml. which, however, decreased to 33 ml. on exercise. Our preoperative 
report was that she would not go through surgery due to right ventricular 

Received for publication May 9, 1956. 
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still drain into the pulmonary veins 1 Pulmonary arteiy shunts to the bionclual 
\cins also develop, hut these too, have the same ultimate venous outflow It 
should he rcmembeicd that the pulmonaij aiterj piessme does not incicase 
with exeicise until the caidiac output is thiee times normal, such is the 
flexibilitj of the pulmonaij vasculai bed’ 1 The pulmonarj aiteij piessuie 
Mill rise when the output is twice lioimal it one lobe is obstructed bj malignant 
gland piessuie, 01 one and one half times lioimal if one main pulmonaij aiterj 
is obstiucted It follous then, that on exertion tlieie Mill be an incicase m 
piessuie (which \ancs Mitli the degiee of obstiuction) to push hj the obstruc 
tion and so tend to incicase the oxvgen uptake and removal of the involved 
aica, Mhile if the obstiuction is fixed b\ actual invasion tlieie can be no increase 
in oxjgen uptake 01 icmoval hi the imohed lung This point is biought out 
because of its healing on the opcrabilitv of a malignant lesion 

One fuitlici point is of extieme lntciest to the suigcon The piohlem as 
to uliethci a “pulmonan malignant lesion” is pininrv 01 seeondarj in the 
lung in the presence of a negative bionclioscopv (with a doubtful Papanicolaou 
and a negative phjsical examination) can sometimes be decided one waj 
01 the otlici by the oxvgen lemoval late If the removal is Iom it points to a 
piimarj lesion Mith laige aiteiv obstiuction, if the removal is lioimal and 
moie espeeiallj if it increases Mitli exeicisc, the lesion is metastatic and involves 
mo ic distal finer toiminal tessels bj the peeuliai virtue of the pithologj' of 
metastatic spread ulueh docs not affect oxjgen removal because the laige 
pulmonarj tessels are fiee 

Subject W P, a 71 jeai old man, Mas admitted to the thoiacic service 
Mitli fluid in the light chest This Mas tapped and a hjdiopneumothoiax 
developed with a ladiolueenej in the light uppei lobe and a partial atelectasis 
Fluid block sections slioued cells suggestive of malignancj Supi aclav lculai 
nodes ueie cnlaigcd and a negative biopsj obtained Bronclioscopj Mas nega 
five Bone series and all other studies vveic completely negative for other 
souices of malignancj The oxjgen consumption and lemoval at lest was 
53 ml pci liter which incieased to 80 on exeicise The pathology report, four 
months latei, was foi caicinoma of the tail of the pincreas with spiead to liver, 
lung, peritoneum, and pleura 

Subject B A is anothei example of a patient who had a nephrectomy foi 
carcinoma seven jeais pieviously He developed a nglit lovvei pulmonary 
malignant lesion and came to oui thoiaeie unit with fluid as well on the right 
side The oxjgen icmoval was 29 ml at rest and did not decrease on exeicise 
The absence of a fall on exeteise is indicative of a metastatic type of pulmonary 
malignancj 

Anothei point of suigical importance should now be considered If the 
pioblem lesion m the chest is benign, and most of them are problems until 
thoiacotomy, (cystic, fibiomatous, gianulomatous, ete), then they do not 
obstruct major vessels and the oxjgen lemoval is relatively normal What is 
moie important is that the 0» removal incieases with exeicise If the oxj r gen 
icmoval is noimal and especiallv if it increases with exeicise one can state 
fuithei that even if the lesion is malignant it is operable because it is of 
very limited extent 
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damage (unrecognized). However, her disease was primarily confined to one 
side and a pneumonectomy was carried out. She left the operating table with 
a tachycardia under 0 2 of 150 beats per minute which persisted until her death 
some weeks later. The post-mortem report stated that the “heart is minimally 
enlarged as a result of minimal hypertrophy and dilatation of the right ventricle 
and right ventricular outflow tract; all other chambers were normal.” 

Due to an increased catabolism, her oxygen demands at rest were increased 
by 150 per cent (294 ml. per minute). This resulted in a relatively increased 
perfusion through the remaining healthy tissue which more than offset the 
effects of a diminished perfusion through diseased tissue. The one effect offset 
the other and a normal 0 2 removal value was obtained. On mild exercise, even 
though the consumption increased to 460 ml. per minute, the removal rate 
decreased to 33 ml. per liter. This showed that she was at the end of her 
compensating ability and the right ventricle was unable to augment its output 
proportionately. 

Obstruction of the pulmonary artery or of a large branch from any cause, 
resulting in ventilation of an unperfused area of lung, lowers the oxygen 
removal rate. 

Subject V. L. shows the physiologic effects of accidental severance of the 
main right pulmonary artery during lobectomy. An attempt was made at re¬ 
anastomosis. The oxygen consumption and removal at rest and exercise point 
to severe pulmonary vascular deficiency on exertion rather than ventilatory 
insufficiency since she was able to ventilate at the rate of 26 L. per minute on 
exercise. 

Pulmonary embolism and/or thrombosis for the same reason results in a 
low oxygen removal. 

Subject R. K., a 30-year-old woman, had had a surgical procedure two 
years prior to study wherein she developed a pulmonary embolus. The oxygen 
removal at rest and exercise was 37 and 22 ml. per liter, respectively. The 
oxygen consumption was 276 at rest and 369 ml. per minute on mild exercise. 
Vital capacity and maximum breathing capacity were 84 per cent and 129 per 
cent of normal, in that order. This patient showed a partial residual vascular 
impairment. There were no other clinical findings such as pulmonary stenosis, 
right ventricular incompetence, etc., which also result in low oxygen removal 
rates. 

One of the most important surgical causes of a decreased 0, removal on 
exercise is the extrinsic pressure and/or invasion by hilar malignant node 
involvement of the pulmonary artery, vein, or its main branches. 

Subjects M. W. and L. H. illustrate this phenomenon. At operation, all 
these cases were proved, personally by the author, to have extrinsic or intrinsic 
vascular obstruction. Both patients had preoperative bronehospirometric studies 
showing diminished oxygen uptake on the side of the lesion. The oxygen 
removal of Subject M. W. was 31 at rest and 19 on exercise and of Subject 
h. H. it was 38 and 15 ml. per liter. 

The validity of the postulate is not affected by the fact that the bronchial 
arteries form bronchopulmonary anastomoses under pathologic conditions and 
take up a very considerable amount of 0 2 if there is arterial unsaturation but 
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If theie is no m tonal unsatuiation it should he pointed out that a non 
\entilntcd lung, 01 poition tlicuol, autoinaticalh hoeomes nonpeifused (the 
blood (low ceases to a nonfunctioning aiea of lung) 1 The comeise of couisc 
does not follow If tlicic is sufficient parcnchj mal disease (and time must 
be enough to show up on a flat x-ray film) this, per so, will decrease the 
pci fusion of the nnohed areas If there is a conesponding amount of bron 
dual distinction to \entilation or lmpanmcnt through loss of mobility 01 
flcxibihtj of the nnohed paienclmna then theie will be no change in the 
oxjgen lemoial (both faetoi's being affected cquallj) If, on the othei hand, 
tlieie is less loss of icntdation lclatnc to the dceiease in peifusion, then there 
will be a dceiease in the oxjgen rcmoyal 

Subject G I? lllustiates the point just discussed Ills mam disease 
(tubeiculosis) imohed the left uppei lobe with some also in the right uppei 
lobe Angiocardiogiapln showed an abiupt cessation of die at the entrance 
to the left uppei lobe and a partial obstiuction to its flow to the light upper 
lobe at tlnce and foul seconds, ns is so common in angiocaidiogiaphj films, 
there was some oicicxposuie hut ne\erthcless theie was no question about it 
The oxjgen rcmoyal was 19 ml pci litei at rest and 38 on exeicise This 
means that there was, at lest, ycntilation of the nonpeifused uppei lobes On 
exeicise, he was able to niciease the right ycntnele output to transport 527 ml 
of oxygen per minute and it followed that theie weic enough patent pulmonaiv 
arteries couisuig into icntilating parenchyma to pcifonn this function The 
conclusion to he diawn from the pulmonaij function studi alone is that since 
the oxjgen icmoyal showed an c\cn bettei than lioimal percentage mciease 
with exercise the functioning portion of the total lung paieiichjma was of 
normal function The pioblom then was how much was noimal lung tissue 
fiom a plnsiologc standpoint, as well as anatomically The testing oxygen 
rcmoyal was one-half of noimal, tlieicfoie one half of the paicnchyma yvas 
normal flora both points of new Since it had now been shown that one half 
of the total lung tissue was of normal function, and thus was ample to sustain 
a satisfactory existence, the onlj remaining question was whether this pliy 
siologicallj- competent lung parenchyma was situated in such a mannei that 
it could be pieserved The x lays and angiocaidiogiams, in addition to the 
function studies, confirmed that it could be presencd Theie were about 5 L 
of \entilation at lest pci minute in the upper two lobes which weie useless, and 
would be eliminated by then lemmal On exercise the funetionlcss upper lobe 
yentilation yvould also be done away with The pulmomuy aitciy piessures 
would bo no lughei after suigcry than before because they were not perfused 
before This patient will if anjtiling be bettei fioin a physiologic point of 
vieyy after bilatcial uppei lobectomy 

Last, the pulmonaij studies pertinent to this communication of a feiv 
suigical cardiac patients aie picsentcd m Table I These all show a diminished 
oxjgen remoial which may oi may not mciease yvitli exeicise, depending 
pnmanlj on the myocardial lcsene (aide mfia) 

Many of these patients (and we aie dealing pnmanlj with initial stenosis 
cases heie) aie In pen entilating constantlj due to yiscoioeeptiye leflexes raising 
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Subject E. J., a 58-year-old man, liad a large left upper lobe lesion as well 
as tuberculosis. The oxygen consumption at rest and exercise was 310 and 710 
ml. per minute. The oxygen removals were 42 and 40, respectively. The pre¬ 
operative cardiopulmonary report was "patient fit for resection. Studies 
suggest that this subject may have a resectable lesion if it is primarily pul¬ 
monary.” Bronchoscopy was negative and the problem was to decide whether 
the lesion was a metastatic one (the appearance v T as suggestive of such) or, 
if primary, was it resectable? At operation, it was easily removed by an 
extrapleural resection. The pathology report was bronchogenic carcinoma. 

In primary lesions of the mediastinum, the surgeon may infer, if the oxygen 
removal increases on exercise or remains the same (does not decrease) that the 
lesion is circumscribed or noninvasive such as would be the case in the lym¬ 
phomas, cysts, neurogenic tumors, etc., whereas malignant lesions of comparable 
size cause a decrease in the oxygen removal on exercise. 

Subject B. A., a 59-year-old man, had a tumor projecting from the mid- 
mediastinum and pericardium. The oxygen removal was 26 and 45 ml. per liter 
u*ith an oxj r gen consumption of 204 and 538 ml. per minute at rest and exer¬ 
cise, respectively. At operation there was a tumor with a fan-shaped pedicle 
adherent to the pericardium in the mid-mediastinum with the phrenic nerve 
adherent to its posterolateral surface. The pathology report was benign tera¬ 
toma. 

Subject E. E., a 16-year-old girl, had a tumor mass in the mid-mediastinum 
projecting into the left chest. No definite preoperative diagnosis could be 
made. The oxygen consumption increased on moderate exercise from 170 to 
415 ml. per minute. The oxygen removal did not fall on exercise. A 12 by 8 
by S cm. benign ganglioneuroma "attached to retropleural and mediastinal 
ssues over a rather wide base and to the sixth intercostal nerve and sympathetic 
inglia” was removed. There was "pressure erosion of the mid-dorsal vertebral 
idies” and the mass was in the "left posterior quarter over the left hilum.” 
ecovery was uneventful. 

The effect of severe mediastinal shift and distoi’tion on the pulmonary 
jssels is exemplified by Subject E. B. He had a right-sided segmental resec- 
on with a thoracoplasty as well as bilateral bronchiectasis. The oxygen re- 
oval was only 22 ml. at rest and 15 on exercise. A ventilation rate of 15 L. 
sr minute on exercise demonstrated that he could ventilate and it u T as not 
.erely dead space ventilation since there were neither localized nor generalized 
nphysema nor cystic areas. In certain cases, surgical means of correcting 
this severe physiologic impairment might be indicated. 

A second example is T. D., a 44-year-old man, who had extreme tuberculosis 
retraction of the right upper’ lobe with mediastinal shift and normal remaining 
lungs. The oxygen removal "went down from 28 to 19 ml. per liter on exercise 
with an oxygen consumption increment from 224 to 392 ml. per minute. Angio¬ 
cardiography later showed a displaced superior vena cava and partial obstruc¬ 
tion of the vessels on the right confirming the lung function findings. Lobectomy 
will improve this patient's vascular hemodynamics. 
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Exlieme shift of the mediastinum with tension and dc/leetion of the sena 
casa oi pulinonaij aitenes also lcsults in a diminished oxigcn icmosal sslucli 
decreases still further ssitli cxeicise The cause is usuilh obuous howoici 
c "> laige aneunsm, tlioracoplasti, and loi lli/ed piilnmiiar) contracting fibiosis 
The mfle\ibiht\ of the causnln o agent usnlts m this phenomena 

Paienchjmal disease aflects pcifusion and \entilation pioportionateh so 
that the oxjgen lemoial docs not clmngt with eseition e\en it it is somewhat 
decieased at lest 

Last, cardiac patients with \al\ular disease lmc a diminished oxigen 
rcmoial at lest The change with exertion depends upon whether tliej aie in 
low 01 high output failuic, if m failuic, if not then it depends upon the 
mjocatdial status, light oi left, oi both 

The test is \en casiK done and when mtcipieted to its lull extent is \ei\ 
helpful in diagnosis and as part of a studj to assess taidiopulinoiiaij function 
since it depends upon both l’si chogenic hjpcncntilation has been no pioblem 
w ith us 10 

SUMS! \K\ 

The caidiopulmonaij studies of a \anctj of suigital subieets with pai 
ticulai lcfcience to the oxsgen icmoial late, ate presented 

The \alue in diagnosis is pointed out with confiimation of its nitcipietation 
The oxtgtn rcrnmal is diminished at lest and decicascs still fuithei on 
exeiuse ui eaiunoma with “inoperable mediastinal spiead ” 

The oxigm lemoial does not dceiease with exeiuse in benign lesions and 
metastatic peiipheinl pulmonai} lesions 

Yahulai disease and light and/oi left sided mjocaidial disease also cause 
a deci eased oxigcn lemoial at lest The icaction to exeiciso \anes with the 
status of the nnocuidram and hemodjnamics The oxygen remoial is a good 
index of the nn oenidial icsene 
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fiom the chronically stimulated alveolar capillary wall as a result of an increased 
pulmonary capillary pressure . 5 This in turn “blows off C0 2 ,” which results 
in an increased sensitivity of the respiratory center in the floor of the fourth 
ventiiele, because it results in the kidney releasing HCO 3 to lower the raised 
pH back to normal * The renal loss of excess HC0 3 lowers the total ionic 
plasma content which increases the respiratory center sensitivity . 7 - 8 Any 
slight increase in the intracellular C0 2 of this oversensitized respiratory center 
due to exercise will augment still more the respiratory rate. Since the resting 
cardiac output usually is a low normal or even less there is a high arterio¬ 
venous oxygen difference (low venous oxygen content) in the range of 7 to 10 
volumes per cent. On exercise, due to the valvular disease, myocardial damage 
or lack of reserve, the output cannot be increased, and even may decrease, which, 
coupled with a resting low venous oxygen content, results in an inability of the 
hemodynamic mechanism to increase significantly the total oxygen uptake from 
the lungs. Thus, we have in exercise an increase in ventilation accompanied 
by a small or no increase in oxygen uptake. This shows itself as an oxygen 
removal on exertion equal to or less than that at rest. 

The resting oxygen removal is low because of the aforementioned aug¬ 
mented visceroceptive stimulation causing hyperventilation in the face of a 
normal oxygen consumption. In eardiae disease, there is a normal total oxygen 
consumption and in fact the oxygen consumption per kilogram of myocardium 
is also normal (the efficiency, however, is down) ; as a matter of fact, even in 
the cardiac hypertrophy of hypertension there is no increase in oxygen con¬ 
sumption per kilogram of heart muscle mass.® 


DISCUSSION 


Right ventricular damage which may be unrecognized per se shows itself 
in pulmonary function studies as a diminished oxygen removal. This diminu¬ 
tion is even more marked on exercise. 


The first and second patients were used to illustrate this (L. L. and T. H.). 
The heart can neither maintain nor increase its oxygen removal rate on exer¬ 
cise even with a normal left ventricle. 

Malignant lesions by virtue of intraluminal neoplastic invasion or unyield¬ 
ing extraluminal compression result in a decreased oxygen removal at rest which 
further decreases with exertion. Accidental ligation will, of course, produce 
a similar picture. 

Pulmonary arterial obstruction from benign lesions do not cause a furthei 
decrease in the ox 3 T gen removal on exercise because the increased ventilator} 
movement on exertion together with the increased cardiac output is able to 
effectively by-pass this “benign obstruction" and the oxygen removal increases 
with exercise. Secondary pulmonary metastatic lesions act similarly through 
the peculiar pathology of their method of spread. They first grow near sma 
vessels and so do not obstruct much of the blood flow. 


♦There is recent work which may 
"compensated respiratory acidosis ’ as 
an increased PCO: blood level. 5 


lOdify the present usually accepted de , E ')''j p (' on nf ?hfl 
2 in which renal NA+ and HGOj- retention offsets 
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PROSTHESIS TO REPLACE MITRAL VALVE 


GOD 


(M.5I.N.) was chosen for our initial experiments because of its mechanical 
simplicity, ruggodnesx, case of insertion and fixation in the initial annulus, and 
ease of manufacture in our shop.' 

The technique finally evolved was this: The animal’s circulation was con¬ 
nected to the pump-oxygenator. Part of the blood flow at this time still passed 
through its own heart and lungs In 23 dogs, xcntricular fibrillation was ini¬ 
tiated with a shock of 0 volts GO cycle AC through two closely spaced electrodes 
applied to the ventricle. Fibrillation occurred spontaneously in 2 animals 
A few seconds later an incision, 3 cm. long, was made from the midpoint of the 
left auricular appendage to a point past the pcricaidial reflection on the lett 
inferior pulmonary vein. A small vein retractor was inserted to letraet the 



Fig 1 —Mitral \alve prosthesis 


auricle antenorly to expose the initial vahe, traction on the auricular ap¬ 
pendage was also essential for good exposure. Blood in the field was removed by 
continuous suction to a sterile bottle tor possible later re-introduction into the 
circulation. A continuous pmsc-stnng suture of No. 2 braided silk was intro¬ 
duced in such manner that suture bites passed through the elastic tissue of the 
mitral annulus. Chordae tendiucae to both mitral leaflets weie then divided 
and, occasionally, portions of the valves were excised to remove any obstruc¬ 
tions to the prosthesis entering the left ventricle. The valve was slipped into 
position and the heavy silk purse-string suture was tied into the groove around 
the base of the valve. The auricle was then allowed to fill with blood and all 
air was displaced from the left ventricle. The auricular incision was closed 
with two layers of continuous. Atraumatic No 5-0 silk. 

•We are Indebted to Mr LAittwig Quabeck for the precision work on the pump-oxygenator 
and on the \elves 





A PROSTHESIS TO REPLACE THE MITRAL YALYE 
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A T PRESENT, there is no good surgical treatment for severe miti’al insuf¬ 
ficiency, especially for that secondary to severe calcification of the mitral 
leaflets or destruction of chordae tendineae. Experimental work on dogs has 
shown that the mitral valve can he replaced completely by a plastic prosthesis. 
To our knowledge, the only previous artificial mitral valve which has permitted 
prolonged survival is that reported by Denton. 1 


METHODS 


Dogs weighing 17 to 25 Kg. were anesthetized with intravenous pentobar¬ 
bital. A cuffed, intratracheal tube was inserted and ventilation begun with 
the Jefferson Respirator* with 100 per cent 0 2 . The left chest was entered 
through the bed of the fifth rib. The left subclavian artery was isolated. The 
pericardium was opened transversely from the reflection over the left pulmonary 
veins to well over on the right side, the phrenic nerve being dissected free and 
retracted laterally. 

Heparin was given intravenously at this point. Prior to perfusion the 
heparin level in the blood used to prime the extracorporeal circuit averaged 
60 meg. per milliliter (heparinf) as measured by titration with protamine sulfate 
(1 per cent solution N. F.+), This level in the priming blood resulted from the 
addition of 25 mg. of heparin to each liter of blood drawn. 

The subclavian artery was ligated where it gave off the vertebral artery 
and was divided. A No. 14 Fr. polyvinyl catheter was inserted through the 
proximal stump to just within the aorta or slightly into descending aorta. A 
No. 28 Fr. catheter was secured in the right atrium by a purse-string suture 
in the atrial appendage in the last 16 dogs instead of encannulating each vena 
cava. The pump-oxygenator was attached to the arterial and venous channels. 
Technical details of the artificial heart-lung have been described previously. 3 - 4 

The valve is shown in Fig. 1. It is a Teflon shell, housing a solid methyl 
methacrylate sphere,§ 15.5 mm. in diameter. This design for a ball valve 
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o_ Pressure tracings In the left auricle taken during operation before and after 

Insertion of the prosthesis Dos No 42 A Before Insertion B After insertion (.Fig 2 
continued on pp 702 and “OS ) 
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The heart was massaged a few times to relieve any distention of the right 
ventricle. Defibrillation was usually accomplished with one or two shocks of 
about 2 amperes of 0.1 second duration. A loud systolic click marked onset of 
strong left ventricular contraction. 

The chest was drained through tubes in the right and left sixth interspaces. 
The periosteal bed and muscles were closed in layers with interrupted silk. 

RESULTS 

The procedure described was performed on 25 dogs. The first 7 were con¬ 
sidered as pilot studies. Three died during operation and 4 within the first six 
hours, postoperatively. In 4 of these dogs, the mitral valve was approached 
through the left auricle and the prosthesis fixed with interrupted sutures. A 
ventricular incision was used in 3 dogs with fixation by interrupted sutures in 
2 and a circumferential suture in one. All 3 dogs with ventricular incisions 
died in one and one-half hours or less. 

The remaining 18 dogs were all operated upon by essentially the same 
technique: a left auricular approach and a purse-string suture around the an¬ 
nulus for fixation. There were five fatalities during the first 48 hours post¬ 
operatively, 12 dogs lived 48 hours to 3 weeks, and one died 4 months after 
insertion of the prosthesis (Table I). 


Table I. Survival Times and Causes of Death 
Plastic Mitral Valve 


CAUSES of death 

NUMBER OF | 
DOGS 

DURATION OF SURVIVAL 

Technical error 

3 

Less than 48 hours 

Hemorrhage 

2 

Less than 48 hours 

Thrombosis on purse-string suture and fatal emboli 

5 

2 to 21 days 

Displacement of valve (nonfatal emboli also present) 

5 

2 to 21 days 

Extrusion of ball 

2 

4 days and 4 months 

Occlusion of valve by thrombus 

1 

10 days 


Intra-auricular pressures, recorded before the auricle was opened and 
after the valve had been placed, show the absence of regurgitation (Pig. 2 and 
Table II). However, a minimal amount of opacification is seen on motion pic- 


Table II. Auricular Pressures 


DOG NUMBER i 

BEFORE (MM. HG) | 

AFTER (MM. HG) 

544 

7/0 

20/10 

27 

5/0 

18/3-5 

32 

8/0-2 

20-22/2-4 

42 

7/2 

30/5-15 

Wedge Pressures 



591 


18/0 

587 


20/0 


ture cardiograms in which dye was injected directly into the left ventricle. The 
tracings do show moderately elevated intra-auricular pressures during auricular 
systole. When tested outside the heart, the valve seemed to produce minimal 
obstruction to flow: a 10 cm. head of pressure produced a flow of more than 
20 L. per minute. 
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a double suture of silk or pericardium at tlie aortic-auricular junction, passing 
through the valve and out the anterior and posterior vails of the atrium. 0 

Bailey and his associates 10 ' 11 have reported use of a noose of pericardium 
inserted through the ventricle and across the posterior commissure. Also peri¬ 
cardial strips have been used by this group as artificial chordae tendineae for 
placement between the salve cusp and ventricular wall. 



Fie 2 (Cont'd)—I), A\e»lp« prensuie taken one month postoperathely Do& No 59. 

Any piocedure modifying the valve struetuic or ring is applicable only 
where the structures are pliable and not calcified or where the loss or distortion 
of tissue is not too great. Correction of a defect requires additional material 
which is usually placed beneath the valve. Such defects usually occur in the 
posterior commissure or cential portion of the valve It would be most desirable 
to have the prosthesis at right angles to the defect to obtain optimal function 
and to avoid the papillary muscles and chordae However, this is impossible 
since the axis would traverse the interventricular septum and aorta. This 
method, therefore, has great disadvantages no matter what material is used. 12 

Although not fixed in an ideal position, autogenous grafts such as inverted 
veins, tendons, free and pedicled strips of pericardium have all met with initial 
success when used as transventricular slings. It became clear that failure of 
these materials to retain their original form was due to chronic inflammatory 
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The control clotting time averaged 12 minutes while postperfusion it was 
15 minutes. The control pC0 2 was 39 mm. Hg average and postperfusion was 
23 mm. Hg. The mean perfusion arterial pressure was 68 mm. Hg. The aver¬ 
age arterial saturation was 96 per cent and flows averaged 39 c.c. per kilogram 
per minute. 



DISCUSSION 


Attempts to correct mitral insufficiency can be divided roughly into two 
groups: reconstructive procedures on the valve proper, and those operations 
in which an additional substance is used to support or replace the distorted 

ralve. 


The first recorded plastic procedure to correct mitral insufficiency was per¬ 
formed in dogs by Alexis Carrel. 5 He performed a partial resection o the 
wall of the left ventricle just below the coronary artery with a plication ot the 
defect which reduced the size of the mitral annulus. Tins dog survived for 
what period of time is not known. Successful experimental work of a similar 
type was reported by Hurwitt, Hoffert, and Ferreiia. 

Recently, Davila, Mattson, 0 ’Neill and Glover• 8 have shown the results of 
decreasing a dilated atrioventricular ring by a purse-string suture placed ex¬ 
ternally. Another method of decreasing the diameter of the annulus is to place 
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The portion of the valve pioyectmg into the left -ventricle undoubtedly m 
jiucs the ventnculai wall and septum dmmg each ventnculai contraction In 
some animals, wc have seen small subcndocaidial hematomas and scainng The 
desirability of eliminating this constant source of tiauma is recognized, and will 
be considcied m futiue designs 

The puise stung sutuic seeming the valve has not been satistactoiy foi 
long-tenn siuvnal except in one dog, although it has allowed oppoitumty for 
testing othei charactcnstios of the piostbesis Vaiious othci fixation techniques 
aic being ttied 


CONCLUSIONS 

1 A piostbesis consisting of a Teflon casing and Luoitc ball has been de 
veloped to replace the initial \al\c in dogs 

2 Using a pump o\vgenator and ventnculai fibnllntoi, we ha\c success 
fully inserted the valve m IS dogs m which initial legurgitation had been 
cieatcd b\ se\enng eboidac tendmeae and In paitial amputation of nntial 
leaflets 

3 Sunnal times have vaned fiom a few houis to 4 months The longer 
tcim siuuvois have not appeared to suffer exercise mtolciancc 

4 The related pioblcms of fixation and thiombus foimation at the zone 
of fixation must be fuithci imcstigatcd before this mcchamcallv satisfaction 
ball valve can be adapted to clinical use 
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changes which were thought to be a result o£ the avascularity of the transplanted 
tissue. 3 ' 130 Attempts were made to remedy this by inverting a piece o£ vein 
over internal mammary artery, but without much success. 17 A nylon ball within 
a tube of pericardium, used as a sling, failed ultimately for the same reason: 
avascular changes which would in all probability have led to embolization of 
the ball. 18 

The auricular appendage has been used to fashion an additional valve by 
invaginating it or anastomosing it to the ventricular wall, but again long-term 
results have been unsatisfactory. 1 * 19 - 20 

A somewhat different appi’oach has been the bottle-shaped Lucite baffle 
used by Harken, 21 the Ivalon baffle of Johns and Blalock, 22 and the Lucite ball 
attached to the posterior wall of the left ventricle. 21 * 23 * 24 These prostheses are 
at best limited in application and unpredictable in outcome. 

Still another type of replacement, made of spring steel (“Elgiloy”) and 
nylon, has been used experimentally with little success by Jordan and Wibblc. 25 
Inserted through a trocar in the left ventricular wall, the nylon-covered steel 
springs apart at a 45 degree angle, bridging a defect in the posterior commis¬ 
sure with each systolic thrust. 

Hufnagel 20 has shown that a plastic prosthesis in the descending aorta can 
successfully substitute for a severely insufficient aortic valve. To replace the 
mitral valve with an intracardiac prosthesis is a more formidable undertaking 
and yet seems the most universally applicable solution. Criteria which such a 
prosthesis must meet are: the valve must (1) be mechanically efficient—there 
must be no stenosis or regurgitation, (2) be of a stable and durable material, 
(3) interfere little or not at all with ventricular contraction, (4) be well tol¬ 
erated by tissues, (5) be simply and securely anchored, (6) be free of clotting, 
and (7) be adaptable to a wide variety of clinical situations. 

In 1950, Denton, Mastriani, Brown, and Wiggers reported the successful 
replacement of the mitral valve by a rigid polyethylene prosthesis sutured into 
the mitral ring. 27 This was rounded on its ventricular end with either a 
straight tubular opening or a side opening which was closed by ventricular 
contraction. The longest survivors lived four to five months. Denton 1 has since 
reported extensive experimental work with this type of valve. Anchoring the 
prosthesis proved to be so technically difficult and displacement of the valve was 
so common, that this approach to mitral valve replacement has been abandoned. 2 

The Teflon and Lucite valve developed in our laboratory has proved to be 
a mechanically efficient, rugged replacement. Teflon was selected for the casing 
because it possessed high tensile strength, chemical inertness, and low wettability. 
Polished Lucite spheres were used because they are unlikely to promote clotting. 

Following the extensive work of Senning 30 and Glenn and Sewell, 31 ven¬ 
tricular fibrillation has been shown to be a completely satisfactory way of pre¬ 
venting air embolism, which is a particularly great hazard in surgery on the 
left side of the heart. Another advantage of fibrillation is that of better visual¬ 
ization and easier manipulation in a still heart. We have had no difficulty in 
defibrillating a heart which has been well oxygenated during adequate perfusion. 
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RESULTS 

As already noted, the studies were done in the operating room during 
periods of critical surgery. Considerations directly relating to the patient’s 
welfare, of course, took top priority. As a consequence, it was often necessary 
to compromise in obtaining observations. Complete data were not obtained in 
every patient at every phase of the study. However, sufficient data were 
available in the group as a whole to permit some general conclusions. 

Further, it should be pointed out that the dynamics of the circulation 
after release of occlusion were no doubt influenced by blood loss, cardiac 
manipulation, and the corrective surgery. 

Details relating to age of patients, together with the range of hypo¬ 
thermia, diagnoses, and surgical procedures, appear in Table I. 


Table I. A(;e, Lowest Temperature and Tv re or Operative Procedure Pep.eop.iied 


NO. 

PATIENT | 

AGE 

(YEARS) 

| DIAGNOSIS ^ 

TEMPERA¬ 
TURE (°C.) 

| SURGERY 

1 . 

P. S. 

7 

IASD 

20.0 

Closuro 

o 

B. J. 

4 

IASD-IVSD 

2S.0 

Closure 

3. 

II. B. 

10 

IASD 

27.0 

Closure 

4. 

s.s. 

3 

TVS 

29.0 

Valvuloplasty 


L.B. 

3 

PVS 

31.0 

Valvuloplasty 

G. 

H.T. 

4 

PVS 

29.0 

Valvuloplasty 


R.B. (1) 

6 

TF 

28.0 

Valvuloplasty 

8. 

E. C. 

8 

TF 

28.0 

Valvuloplasty 

9. 

c. z. 

3 

PVS 

27.0 

Valvuloplasty 

30. 

L.H. 

9 

IPS 

27.0 

Infundibulectomy 

11. 

.T. ,T. 

7 

IASD 

27.0 

Closure 

12. 

]!. M. (1) 

10 

IASD 

30.0 

Closure 

13. 

E. H. 

13 

IASD 

27.0 

Closure 

14. 

R.B. (2) 

13 

IASD 

20.0 

Closure 

15. 

H.M. (2) 

14 

PVS-PDA 

29.0 

Valvuloplasty; Ligation PDA 

10. 

E. A. 

27 

IASD-PDA 

26.0 

Closure; Ligation PDA 

17. 

T.G. 

32 

IASD 

26 0 

Closure 

18. 

F. H. 

31 

IASD 

26.0 

Closure 

19. 

H. H. 

35 

IASD 

2G.0 

Closure 

20. 

J. St. J. 

20 

IASD 

2S.0 

Closure 

21. 

S. P. 

17 

PVS 

28.0 

Valvuloplasty 

oo 

V.K. 

20 

TF 

28.0 

Valvuloplasty 

23. 

C. R. 

30 

IA.SD 

27.0 

Closuro 


IASD=Interatrial septal defect PDA=Patent ductus arteriosus 

3VSD=Intcrvcntricular septal defect PVS=Pulmonary valvular stenosis 

TF=TetraIogy of Fallot IPS=Tnfundlbular pulmonary stenosis 


Adequate data were obtained on 23 patients, ranging in age from 3 to 35 
years. All of the patients had congenital heart disease, with most having either 
interatrial septal defect or pulmonary valvular stenosis. Three patients had 
tetralogy of Fallot, and 2 others had, in addition to the septal or valvular lesion, 
an. associated patent ductus arteriosus. Hypothermia levels ranged from 26° to 
31° C. 

Cooling .—During the course of cooling the patient, it was noted that at 
varying temperature levels the sounds identifying blood pressure by the 
Sphygmomanometer beeame inaudible and the pulse nonpnlpable. This is re¬ 
ferred to as “clinical disappearance” of the blood pressures (Table H). In**,,.. 
4 patients, the blood pressures were lost to auscultation even before the re**’ 
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pulse or blood pressure could be obtained clinically in the cooled state. Much 
the same observations on pulse and blood pressure were recorded by JCossmann' 1 
and by AVaybum. 15 

The present study is the first to our knowledge which is concerned with 
cardiovascular observations made in the operating room throughout the course 
of intracardiac surgery in patients subjected to general hypothermia with 
sigmoid temperatures between 26° and 31° C. Primary interest was centered 
on the effect on the heart rate, blood pressure, and venous pressure under the 
following conditions: (1) induction and initial stage of hypothermia, (2) 
total circulatory occlusion, (3) release of occlusion, and (4) rewarming. 

METHOD 

Details regarding the technique of immersion hypothermia and rewarm¬ 
ing used at the University of Colorado Medical Center have been described 
elsewhere. 12 After premedieation with Demerol and scopolamine, the patient 
was anesthetized with ether, and a No. 18 Cournand needle was placed into 
the brachial artery. A polyethylene catheter was introduced via an ante- 
cubital vein into the subclavian vein or superior vena cava. Pressures were 
transmitted to a carrier-type recorder. Mean pressures were either electroni¬ 
cally integrated or computed with a compensating planimeter. Standard elec¬ 
trocardiogram Lead II was continuously monitored on an oscilloscope and 
recorded, together with the pressures. In addition, the electocai’diogram was 
relayed to a direct writer. 

Base line pressures were taken on the operating table with the patient in 
surgical anesthesia (third stage, first or second plane). The patient was then 
placed into a tub of tap water and immersed to the neck. Care was taken to 
level the strain gauge at the zero point of the right atrium, chosen as a point 
10 cm. from the back in the adult and 6 to 8 cm. in the child. Venous pressures 
could not be recorded while the patient was being cooled, since the catheter 
was looped above the patient over the edge of the tub. The same was true 
for the catheter leading from the artery, but here the error introduced by 
correction for the difference in height between the gauge and the right atrium 
was not of a significant magnitude. 

Ice was added to the water and shortly the temperature of the bath 
dropped to 5° C. or lower. Shivering was suppressed by the use of d-tubo- 
eurarine. Observations were taken every 10 minutes or for every degree fall 
in temperature. When the desired level was reached, the patient was lifted 
out of the tub and onto the operating table. During the period of preparation 
of the patient fox* surgery it was often difficult to follow the picssures. Aftci 
the temperatui’e stabilized, pressures were taken every 15 minutes or ns dcsiicd 
by the anesthesiologist, who frequently was unable to feel the pulse or obtain 
a blood pressure. Continuous recording of the entire period of occlusion a ml 

the immediate phase of the release was obtained. _ 

When the actual procedure within the heart had been accomplished, 
rewarming via short-wave diathermy was instituted. Pressures were again 
taken every 15 minutes up to 34° C., at which point the diathermy was stopped. 
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On cooling thcie occurred an increase in venous pressure from the post- 
anesthetic but still normotheimic level, with the largest increases being ob¬ 
served in patients cooled to the lower tempciature levels (Table III). On 
lewarming, tl of 3 patients in whom adequate lcwarm data weie obtained had 
persistently elevated venous pi assures above normal. 



36-34 34-23 29-26 
Hypothermia 


36-34 34-29 29*26 
Hypothermia 


Fig 1—Blood pressure and pul c e rate changes during cooling and rcwarmlng As 
cooling proceeds there is a transient rise in blood pressure. where? a the heart rate progress¬ 
ively decline 1 ?. Thirty minutes after lowest temperature is reached the blood pressure has 
further declined although the heart rate remains stable On rew arming to 31* C the blood 
pressure returns to normal, while the heart rate remains low 



Fig 2 —Pulse pressure changes during hypothermia and rew arming There is no 
change in pulse piessure until the temperature drops below 29® C. Each point represents 
the means of the final, stabilized temperatures 


Total Gil culatoi y Octluiion .—Adequate data during total citeulatoiy occlu¬ 
sion weie obtained in 16 patients and ate summaiized in Table IT. 

Immediately upon occlusion, blood pressures in all of the patients fell. 
Generally they were stabilized at their lowest level within one or 2 minutes, 
although in patients with occlusions maintained beyond 4 minutes a slight 
additional fall usually occurred. ■>— 






710 


BLAIR, AUSTIN, BLOUNT, AND SWAN 


J. Thoracic Siir/j* 
June, 1957 


temperature had dropped 1° C. Jn the rest of the group except one, the blood 
pressures could not be identified below 31° C. Direct arterial tracings at the 
time of the clinical disappearance’’ showed the blood pressure to be quite 
adequate. 

Table II. ''Clinical Disappearance” of Blood Pressure and Pulse During Cooling 

and Return During Rewarming 

BLOOD PP.E SSUBE (MM. HO) ’ PULSE (PER MINUTE) 

DISAP- REAP- DISAP- REAP- 

PEARANCE PEARANCE PEARANCE PEARANCE 


TEMPER- TEMPEP.- TEMPER- AC- TEMPER- AC- 

ATURE ACTUAL* ATURE ACTUAL* ATURE TUAL** ATUKE TUAL* * 


patient] 

1 °c. 

1 PRESSURE | 

°c. 

j PRESSURE j 

°C. 

RATE 

I °c. 

RATE 

P.S. 

34.0 

95/ 62 

(73) 

35.0 

104/66 

(75) 





B. J. 

31.0 

155/103 (134) 

_ 

_ 


Palpable throughout 

H.B. 

35.8 

96/ 64 

(80) 

33.0 


(94) 

35.0 

102 

33.0 

126 

L. B. 

32.9 

107/ 56 

(SO) 




30.0 

83 



H. T. 

33.2 

93/ 45 

(67) 

_ 

_ 


31.0 

66 



R.B. 

37.0 


(78) 

32.6 


(75) 

33.0 

60 



E. C. 

36.5 

120/ 80 

(94) 




29.9- 

54 

31.2 

GO 

E. A. 

27.6 

110/ 78 

(95) 

32.6 


(89) 

32.4 

48 

32.6 

60 

T. G. 

37.0 

120/ 86 

(93) 

33.0 

84/56 

(67) 

Palpable throughout 

F. H. 

36.0 


(80) 

32.6 

135/75 (108) 

36.0 

80 

32.C 

60 

H. H. 

32.5 

100/ 59 

(85) 

_ 



31.5 

42 

29.0 

54 

J. St. J. 

33.0 

91/ 61 

(77) 

32.0 

100/59 

(SO) 

33.0 

66 

32.0 

54 

S.P. 

37.0 

73/ 51 

(56) 

30.0 

115/60 

(88) 

37.0 

84 

30.0 

84 


( ) Mean pressure. 

‘Direct arterial pressure. 

“Obtained from electrocardiogram. 

"Clinical disappearance" refers to unobtainable blood pressure and nonpalpable pulse. 
Note the marked variation of temperature levels when changes in both blood pressure and 
pulse occurred. The blood pressure and pulse at the time of "clinical disappearance" are 
adequate. 


Pulses also were lost to palpation at varying temperatures, usually at 
levels of cooling lower than the blood pressure disappearance. In 2 patients, 
B. J., aged 3 years, and T. 0., aged 32 years, the pulses were palpable through¬ 
out. Rates as determined from electrocardiogram and pulse pressures as deter¬ 
mined from recorded contours were slow and adequate, respectively. 

Upon rewarming, both vital signs “reappeared” at temperature levels 
lower than those at which each had disappeared. 


As cooling progressed from 36° to 34° C., direct arterial pressure measure¬ 
ments revealed transient elevations in blood pressure, while the heart rate, on 
the other hand, continued in a progressive decline (Pig. 1). Following this 
elevation, the blood pressure began to fall to levels considerably below the 
normothermic levels. After the lowest temperature levels had been leached, 
two interesting phenomena were observed: (1) the blood pressure continued 
to fall a significant degree after temperature stabilization at the lowest level; 
(2) conversely, the heart rate did not alter appreciably during this interval 
of time. On the average, 30 minutes elapsed between the time of the lowest 
temperature stabilization to lowest blood pressure stabilization. 

There was no change in pulse pressure in those patients cooled to a tem¬ 
perature not less than 28° G. Below this point there was a progressive pre¬ 
cipitous drop through the ranges observed, 28° to 26° C. (Pig. 2). On rewaim 
ing, the pulse pressure increased above normal for the group as a w o e. 
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Five o£ the patients showed ail acceleration in heart rate immediately 
pustoeclusion. The heart rates from this point throughout the occlusion were 
conditioned by two factors, other than the level of cooling: (1) the coronary 
perfusion of neostigmine, which slowed the rate; and (2) manipulation of the 
heart, which created bursts of acceleration, especially idioventricular beats. 
The heart rate slowed during circulatory occlusion in most patients, the major 
change usually occurring rather abruptly between 14 a "d 2 minutes following 
onset of occlusion, or 15 seconds to 1 >4 minutes after the perfusion of neostig¬ 
mine. These data are tabulated in Table V. In general, slightly larger doses 
were used in patients with the large hearts of atrial septal defects. 


Table V. Change in Heart Rate Duiiing Circulatory Occlusion and 
Dosage or Neostigmine Used 




1KJSE OF 

HEART KATE 

PATIENT 

DIAGNOSIS 

NEOSTIGMINE j 

(MG.) 

PRIOR TO 
NEOSTIGMINE 

1 AFTER 

1 NEOSTIGMINE 

I\ S. 

IASD 

0.23 

S4 

40 

T. G. 

IASD 

0.25 

90 

42 

F. H. 

IASD 

0.22 

50 

24 

H.B. 

IASD 

0.20 

70 

35 

B. J. 

IASD 

IVSD 

0.13 

80 

50 

J. St. ,T. 

IASD 

0.25 

80 

36 

E. C. 

TF 

0.20 

SO 

30 

S. P. 

PVS 

0.22 

72 42 

H. T. 

PVS 

0.17 

90 

60 

H.M. 

PVS 

PDA 

0.13 

60 

60 


The venous pressure rose oil occlusion in 7 of 8 patients studied (Table 
VI). In the eighth patient (E. H.), there was no significant rise. As the 
occlusion was maintained, in 5, the pressure began to fall, in 2 instances 
(F. II. and J. St. J.), dropping below the preocclusion control levels. In 2 
of the subjects (L. II. and II. B.), following the drop there developed a second 
elevation, occurring during the latter phases of the occlusion. 

Release of Occlusion .—Upon release of the occlusion in the temperature 
rango 28° to 31° C., G patients showed an immediate overshoot of the Wood 
pressure beyond preocelusion control levels. The overshoot developed within 
5 to 30 seconds (Table IV). None of the patients below 28° C. developed an 
immediate overshoot; one patient (H. B.), however, developed a delayed eleva¬ 
tion in pressure one minute after release. (One minute may he too long to he 
classed as a reflex reaction, even at a low heart rate.) After 30 minutes, the 
blood pressure of all patients (with one exception, R. M. [2]) was as high or 
higher than preocelusion. Of the 6 patients showing the overshoot, 2 had an 
accompanying fall in pulse rate, reaching its maximum within one minute of 
the release. In 3, the pulse rates were stable. Over.a .15- to 30-minutc pe¬ 
riod, the heart rates gradually returned to preocelusk . 1 -v 









Table XIX. Venous Pressure Changes During Hypothermia and Rewarming 


P. S. 

F. H. 

H. H. 

R. B. 

S. P. 

J. St. .T. 
H. B. 


NORMOTHERMIA 

| HYPOTHERMIA 

1 REWARM 

PATIENT 

TD A 

TEMPER¬ 

ATURE 

Y. P. 

(MM. HG) 

TEMPER- 
| ATURE 1 

v. r. 

(MM. HG) 

DIFFER¬ 

ENCE 

TEMPER¬ 

ATURE 

V. P. 

(MM. HG) 

DIFFER¬ 

ENCE 


37 

37 

37 

37 

37 

37 


12 

1 

5 

7 

8 


26 

26 

26 

29 

29 

29 

07 


11 

7 

4 

5 

7 

10 

10 


+8 

-S 

+4 

+2 

+3 

+2 


32 

35 

32 

33 

33 

33 


8 

4 

3 

7 

14 


+3 


-8 

+2 

0 

+6 


All pressures were taken with the chest intact; the comparisons are with the preceding 
normal. On cooling, an increase in venous pressure occurs which tends to persist to the late 
phase of rewarming. 


Table IV. Mean Arterial Blood Pressure and Heart Rate During Total Circulatory 

Occlusion and Release 


PATIENT 

DEFECT 

TEM¬ 

PERA¬ 

TURE 

Co.) 


OCCLUSION (TIME IN MINUTES) 

RELEASE (TIME IN MINUTES) 




B 



4 



min 

H 



5 

u- 

U 

• H. 

26 

B.P. 

64 


55 

_ 

70 

55 

47 

42 

50 

42 

45 

45 

56 

54 

80 

76 

61 

IASD 

H.R. 

60 

— 

75 

— 

75 

30 

45 

30 

30 

30 

— 

30 

30 

30 

36 

36 

4( 

'. B. 


B. P. 

85 

__ 

36 

29 

31 

25 

25 

25 

29 

29 

17 

61 

67 

105 

89 

63 

V. 

IASD 


H.R. 

60 

— 

96 

90 

90 

42 

20 

24 

30 

42 

60 

48 

36 

50 

66 

66 

7! 

.S. 


B.P. 

78 

59 

4S 

34 









20 

30 


5T 

7: 

IASD 

-V) 

H.R. 

S4 

S4 

84 

84 

— 

40 

24 

— 

— 

— 

24 

30 

30 

30 

— 

36 

71 

.G. 


B.P. 

43 

__ 









18 

23 

40 

34 

43 

56 

6' 

IASD 

20 

H.R. 

60 

— 

50 

20 

-- 

24 

24 

24 

24 

— 

24 

24 

24 

24 

30 

24 

3< 

.H. 


B.P. 

91 




47 

29 

32 


25 




87 

96 

85 

46 

10, 

IASD 

J.( 

H.R. 

120 

— 

-- 

-- 

__ 

110 

40 

— 

50 

__ 

— 

— 

120 

110 110 

— 

101 

.H. 


B.P. 

64 

61 


35 

19 

24 

24 

26 

19 




35 

36 

_ 

_ 

61 

IPS 

Zt 

H.R. 

110 

SO 

120 

120 

110 

SO 

60 

60 

60 

— 

— 

— 

70 

40 

— 

— 

121 

.Z. 


B.P. 

95 




25 

25 





56 

_ 

60 

80 

68 

60 

5. 

lPVS 


H.R. 


(Not obtained) 














rJ. 


B.P. 

82 


60 

54 

49 

46 

40 

40 

40 

40 

46 

93 

69 

97 

57* 

80 

81 

IASD 

2o 

H.R. 

80 

— 

80 

SO 

70 

50 

50 

30 

57 

57 

40 

40 

40 

40 

48 

66 

71 

. M. (2) 

29 

B.P. 

57 

41 

49 

24 

24 

24 

IS 




28 

47 

46 

— 

66 

— 

5: 

PVS-PDA 

H.R. 

72 

72 

60 

GO 

— 

60 

60 

— 

— 

— 

64 

-- 

— 

— 

70 

66 

7( 

P 

28 

B.P. 

60 


33 

25 

20 

18 

18 

25 



30 

28 

32 

— 

50 

— 

8; 

PVS 

H.R. 

60 

— 

66 

72 

42 

42 

42 

42 

— 

— 

66 

66 

66 

— 

54 

— 

5 i 

.B. (1) 

9g 

B.P. 

76 

79 

50 

34 

2S 

14 

14 

— 

— 

-- 

90 

— 

— 

— 

— 

— 

8: 

91 

TP 


H.R. 

60 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— 





, B 


B.P. 

80 

48 

29 

27 

27 

27 

27 


__ 

__ 

60 

94 100 100 120 

95 

St 

PVS 

31 

H.R. 

120 

100 

120 

120 

4S 

60 

96 

— 

— 

— 

130 

126 100 100 120 

72 


5 n 


BP. 

40 

36 


27 

27 

24 

19 

19 

16 

_ 

27 

52 

73 

71 

— 

— 

61 

TF 

28 

H.R. 

SO 

50 

_ 

40 

40 

80 

30 

24 

28 

— 

50 

60 

50 

50 

54 

— 

6L 

. St. J. 
IASD 

28 

B.P. 

H.R. 

69 

54 

47 

70 

40 

90 

27 

SO 

38 

72 

30 

36 

30 

30 

30 

54 

16 

72 

21 

54 

34 

60 

78 116 107 
66 80 30 

80 

60 

73 

60 

67 

42 

L T. 

PVS 

29 

B.P. 

H.R. 

59 

72 

— 

51 

SO 

35 

90 

30 

60 

35 

60 

— 

:: 

— 

— 

_ 

51 

60 

53 

60 

47 

50 

64 

60 

85 

72 

6!) 

72 

!.M. (1) 

30 

B.P. 

59 

24 

25 

24 

26 

26 

22 

20 

— 

— 

88 

96 103 

__ 102 

81 

78 

IASD 

H.R. 


(Not 

obtained) 












—- 

— 


‘Ventricular fibrillation—deflbrillated. 
B.P.=blood pressure. 

H,R.=heart rate. 
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At the onset o£ total circulatory occlusion, the hloocl pressure dropped 
sharply, and, as occlusion was maintained beyond one minute, dropped still 
further, although it rarely fell below a mean of 20 mm. ITg. Upon release of 
occlusion, an immediate overshoot above preocclusion levels was observed in 
6 of 9 patients not cooled below 28° C. In the group cooled below 28° C., one 
of 7 showed an overshoot, and this was a delayed one. 

Following onset of occlusion, the heart rate fell in all patients, usually 
reaching its maximum decrease in from 30 seconds to 2 minutes. Neostigmine 
was administered by coronary perfusion from 15 seconds to one minute follow¬ 
ing occlusion. On return of circulation, the pulse rate returned to preocclu¬ 
sion levels after 5 to 15 minutes. 

The venous pressure rose on occlusion in 7 of 8 patients, then tended to 
fall as the occlusion was maintained. Upon release, the pressure tended to 
return toward preocclusion control levels within 15 to 30 minutes. 

DISCUSSION 

Talbott, 13 in his studies on patients cooled in air, noted an initial rise in 
both blood pressure and pulse rate. Similar observations were made by Collins 
and Granatelli, 3 by Kossmann, 0 and by Wnyburn. 15 It would be difficult to 
make comparisons between the observations of this report and those just men¬ 
tioned, duo to the fact that our patients were the only ones cooled l’apidly by 
ico water immersion. We observed a transient rise in blood pressure, but no 
rise in pulse rate—in fact, a fall. The elevation of blood pressure during im¬ 
mersion cooling, with a fall in rate, is a response, wo believe, to the intense 
vasoconstriction which occurs early in the cooling process. The temperature 
levels at which these elevations were noted varied from 37° to 34° C., sig¬ 
moid temperature. At this point, however, the skin vessels are widely dilated 
duo to the direct paralysis of cold. (The skin of the patient is bright pink). 
Tho blood pressure thus remains temporarily elevated, even though the skin 
vessels have become dilated. This maintenance of blood pressure above nor¬ 
mal was probably due to persistent vasoconstriction of the internal vessels. 
The later drop in blood pressure as cooling continues, we believe, was due to 
a fall in cardiac output and not to a release of the peripheral resistance. 

The “clinical disappearance” of the blood pressure and pulse is an inter¬ 
esting phenomenon. It was observed by Collins, 3 Kossmann, 0 and Talbott. 13 
Talbott further noted that the blood pressure must have been adequate at the 
times of “disappearance” since puncture of an artery resulted in a forceful 
jet of blood. This observation is confirmed in the present study. The blood 
pressure was lost first and then the pulse. The mechanism of the “clinical 
disappearance,” we believe, lies in the physical state of the large arteries dur¬ 
ing cooling. Early in cooling the larger vessels are unaffected because the 
blood temperature has not appreciably changed. Not until the intense pe¬ 
ripheral vasodilatation has occurred does the blood begin to cool. Circulation 
of cool blood through human arteries causes intense constriction of these ves¬ 
sels, as has been demonstrated by Bazett and his associates. 1 Thus, once the 
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TJie periods of occlusion (between 2 and 6 minutes) bore no direct rela¬ 
tionship to the development, degree, or recovery of the blood pressure over¬ 
shoot. Neither the basal preocclusion pressure levels nor the type of cardiac 
malformation appeared to have any effect on the presence or character of the 
overshoot. 

The venous pressures fell immediately upon release of occlusion (Table 
VI), and by 30 minutes were at or below preocclusion levels, except R. R. (1) 
in whom the pressure remained elevated. 


Table VI. Venous Pressure (mm. Hg) During Occlusion and ox Release (Open Chest) 



TEM¬ 

PERA- 

■ 

PREOCCLU- | 

OCCLUSION (TIME IN MINUTES) 


| RELEASE (TIMEIN MINUTES) 

PATIENT 

ture 

°c. 

SION HYPO- 
| THERMJA 

1 IMME- 
| MATE 

.5 

1 1 

2 

3 1 

4 

u 

6 

IMME¬ 

DIATE 

.5 j 

i! 

5 

U! 

30 

P. S. 
IASD 

26 

13 

19 

18 

IS 

IS 

16 




13 

s 

8 


4 

5 

P. H. 
IASD 

20 

9 

10 

10 

10 

6 

3 

2 

3 

4 

5 

9 

10 

10 

10 

7 

H. B. 
IASD 

27 

S 

22 

22 

19 

20 

21 

21 : 

27 27 

15 

10 

10 

8 

10 10 

C. Z. 

PVS 

27 

14 

20 


21 

22 





9 


10 

10 

9 


C. R. 
IASD 

27 

3 



23 

39 

21 




S 


s 

7 


0 

L. H. 

IPS 

27 

2 




8 

5 

5 

9 , 



S 

8 


„ 

3 

J. St. J. 
IASD 

28 

10 

10 

21 

21 

14 

10 

4 

1 

1 

1 

0 

-1 

0 

0 

0 

R.M.(l) 

IASD 

30 

5 

28 

21 

21 

23 

21 

19 

- - . 

_ 

— 

— 

19 

16 

8 12 


SUMMARY OP RESULTS 

The blood pressure and pulse could not be obtained by the usual clinical 
methods after various levels of cooling had been achieved. Direct arterial 
tracings, however, demonstrated adequate blood pressures and rates at the 
times of "clinical disappearance.” On rewarming, the blood pressure and 
pulse "reappeared” usually at a lower temperature than that at which each 
had previously been lost to auscultation or palpation. During cooling, an 
early transient elevation in blood pressure was observed while the heart rate 
declined progressively. The blood pressure subsequently began to fall, and 
stabilized at its lowest level 30 minutes after the sigmoid temperature had be¬ 
come stabilized. The heart rate, however, reached its lowest level at the same 
time as the temperature. The magnitude of blood pressure and pulse rate 
changes varied considerably from patient to patient in all temperature ranges. 
The pulse pressures declined in the lower temperature ranges (below 28° C.). 
Rewarming with diathermy was discontinued at 34° C., at which time, how¬ 
ever, the blood pressure and pulse rate were substantially within normal limits 
for the group as a lvhole. 

The venous pressure became elevated during hypothermia. On rewarm¬ 
ing, a continued elevation of the venous pressure above normal occasionally 

remained. 
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blood in an already overloaded constricted system. It is of interest that in 2 
of the 4 eases, as the occlusion was maintained, the venous pressure fell below 
the prcocelusion level and, in one of these, even below the normotliermic level. 
Tho explanation for the venous pressure fall while the occlusion was main¬ 
tained is conjectural. 

Upon release of occlusion and return of circulation, the blood pressure 
showed an interesting immediate elevation above prcocelusion levels in 5 
patients, a phenomenon we have referred to as “overshoot.” In 2 patients, 
the peak of the overshoot coincided with a slowing of pulse rate. This reaction 
is not unlike the course of events following the Valsalva maneuver in normal 
individuals. 5 ' 8 The principal post-Valsalva circulatory events are mainly re¬ 
flex in character, ns are those following release from total circulatory occlu¬ 
sion. The differences noted are primarily quantitative and are possibly re¬ 
lated to the body temperature level; i.c., in hypothermia the magnitude of re¬ 
sponse is less and the time interval of the events prolonged. For example, 
during normothermia following release of a Valsalva maneuver, the overshoot 
reaches its peak in 4 or 5 seconds at a normal heart rate of 70 to 00 per min¬ 
ute. 8 During hypothermia, the time required to reach the peak varied between 
•7 and 30 seconds, with the majority requiring over 15 seconds, but with heart 
rates of only 30 to 50. No such overshoot was seen in 3 patients whose tem¬ 
peratures fell to 2G° C. It is possible that this degree of hypothermia is suffi¬ 
cient to inhibit completely the reflex pathways involved in the response, al¬ 
though some baroceptor responses appear to be still present, at this tempera¬ 
ture level. 10 

By and large, however, it may be concluded on the basis of the data 
presented that the cardiovascular reflex mechanisms regulating the circulation 
are intact in the range of hypothermia studied (2G to 31° C.), although they 
may be somewhat slowed. 

SUMMARY AND CONCLUSIONS 

1. The effects on the cardiovascular system of cooling and rewarming 
were studied in 23 patients undergoing hypothermia, total circulatory occlu¬ 
sion, and intracardiac surgery. 

2. Upon cooling there was a transient elevation in blood pressure, fol¬ 
lowed by a fall which was not maximum until 30 minutes after sigmoid tem¬ 
perature had reached its lowest point. 

3. The pulse rate fell progressively with cooling and the temperature and 
rate reached lowest levels simultaneously. 

4. Blood pressures and pulses were lost to auscultation and palpation at 
varying points during cooling. At the times of the “clinical disappearance,” 
both blood pressure and pulse rate were quite adequate, as demonstrated by 
direct measurements. The mechanism of this phenomenon is discussed. 

5. The magnitude of eventual blood pressure and heart rate changes 
varied considerably between patients and appeared to have no direct relation¬ 
ship to age and type of heart disease. 
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od begins to cool, the larger arteries become rigid, and the mechanism es¬ 
sential to auscultatory blood pressure determinations 16 is lost. The phenome¬ 
non has nothing to do with pulse pressure, which does not show any significant 
change until long after the blood pressure “disappearance” has occurred A 
pulse wave, of course, persists at least for a time, and is palpable. Thus, the 
palpable pulse is lost after the blood pressure. 

Id is important to realize that even though these clinical signs “disap- 
peal, the blood pressure and pulse are quite adequate as measured directly. 
This emphasizes the value, in fact the necessity, of monitoring heart rate by 
means of electrocardiography through the cooling experience. In addition, the 
presence of an inlying arterial cannula and pressure recording device is highly 
desirable. 


The observed elevation in venous pressure which begins during cooling 
and persists throughout the experience might be explained as follows. As 
the cardiac output progressively falls during cooling, blood accumulates on 
the venous side of the systemic circulation. Normally, this would cause little 
change in pressure until severe venous distention occurred because of expan¬ 
sion in venous reservoirs. These changes in venomotor tone are normal reflex 
responses to volume changes. 16 As the blood cools, however, the same constric¬ 
tive effect seen in the arteries occurs in the veins. 1 Under these circumstances, 
the flexibility of the venous reservoirs is lost and volume changes are reflected 
in rising pressure. Venous pressure still remains high, however, even after 
stabilization of cardiac output when hypothermia has been achieved and also 
during rewarming when cardiac output is actually increasing. The explana¬ 
tion for this is not at all clear. 

During total circulatory occlusion, the blood pressure reached its low 
point within 2 minutes, yet in most instances remained well above zero, despite 
the fact that there was absolutely no cardiac output. Whether osmotic phe¬ 
nomena play a role in this “cadaver” pressure, we cannot say. 

It was noted that the heart rate fell acutely, usually after 30 seconds to 
2 minutes of occlusion. On the basis of previously reported experimental evi¬ 
dence, 13 it is our uniform practice to cross-clamp the aorta about one inch from 
the heart and inject about 0.2 mg. of neostigmine into the root of the aorta 
to perfuse the coronary circuit with the drug. This maneuver is usually com¬ 
pleted at 45 seconds to one minute of occlusion. We believe this agent was 
an important factor in the observed slowing of the heart, although inflow 
occlusion alone may also play a part. That it is possible to slow or, in fact, 
stop the heart with neostigmine is well known. 14 In the observations reported 
here, the decrease in heart rate occurred usually within 15 or 90 seconds fol¬ 
lowing completion of the neostigmine injection. This agent may also have 
been a factor in the slow return of rate following release of occlusion in some 

patients. 

The venous pressure prior to occlusion was elevated above normal. Upon 
total circulatory occlusion, a further rise in pressure of considerable magm- 
tude was usually seen. This would appear to be due to sudden damming 
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M YADIARY VESSELS FOLLOWING RADICAL MASTECTOMY 
VISUALIZATION B\ ANGIOCARDIOGRAPHY 

FliWK GlFW, M D , VND ISRAEL StFIMIFRG, MD 
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T RALYIA incident to cn masse ligation of vessels during suigical opeiations 
lias become lccognired as a cause of aitctioicnous fistulas In the case 
lietein described an internal manim.ii} aitcuoi cnous fistula dec eloped follow 
ing light i.ldical mastcctoni} fot caieinoma The artenoecnous fistula was 
Mhualired b} the method of angiocaidiogiaph} At operation, a silk ligature 
was found .mound the sessels, mdicidual ligation of the scsscls and excision 
of the fistulous sac weie curatnc To our knowledge, an aitenovenous fistula 
of the internal mammal} \cssels following suigei} has not been pienousl} 
icported 

C VSF REFORT 

\ 4Svcarold housewife (>» 1 II Xo 74274) was admitted on Sept 20, 1955, com 
plaining of a continuous vibration of the right 'interior chest and a buzzing noise along 
tho right side of the neck Two years prior to entn she had had a right radical rnastec 
tomv at another hospital because of cancer of the breast The operative note indicated 
that the procedure an as carried out in a routine manner and without difficulty, there was 
no excessive bleeding The postoperative course was uneventful except for pain in the 
anterior chest which persisted for several months Six months following operation tender 
ness and vibrations over the right untenor chest and a whistling noise along the right, 
neck began Despite these svmptoms, several months elapsed before the characteristic 
bruit was recognize 1 nnd the diagnosis of arteriovenous fistula made 

In tho past, the patient had been well except for dvsmenorrhea The only significant 
illness was the carcinoma of the breast at age of 4G year*- Phvsical examination revealed 
a well developed and well nourished woman in no distress Examination of the thorax dis 
closed a well healed s C ar of a right radical mastectomv , the pectoral muscles were absent 
In tho second right anterior interspace near the sternum, there was a 5 by 5 cm swelling 
which felt soft and contained a coarse thrill -V loud bruit was clearly audible, loud, rough 
machinery like systolic and diastolic murmurs were heard with the stethoscope The heart 
was normal in size and there were no cardiac murmurs The blood pressure was elevated, 
194/104 mm Hg The lungs were clear A few firm, small axillary and inguinal lymph 
nodes were palpable The rest of the examination, including the pelv ic organs, was normal 
Laboraton data, including x raj examinations of the heart, lungs, sternum, ribs, 
thoracic spine, and long bones, were normal Angiocardiography was done m the frontal 
and lateral positions on Sept 20, 1955 Films were made at one second intervals and 
showed the right innominate vein, superior vena cava, right atrium and ventricle, pulmo 
nary arteries and branches to be normal The pulmonary veins, left atrium and ventricle, 

„ From the Departments of Surgerj and Radiology The New York Hospital Cornell 
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6. Venous pressure rose on cooling and remained elevated. Possible 
mechanisms underlying this phenomenon are discussed. 

7. During total circulatory occlusion, the blood pressure fell, the heart 
rate (following neostigmine injection) slowed abruptly, and venous pressure 
at first rose, then fell in some instances. 

8. Following return of circulation, an immediate overshoot of blood pres¬ 
sure occurred, while venous pressure dropped abruptly. 

9. During rewarming, all the circulatory signs have returned to within 
normal limits at 34° C. 


10. Cardiovascular reflexes governing the circulation appear to be intact 
and adequate in human beings undergoing hypothermia in the range 26° 
to 31° C. 


1 . 

2 . 

3. 

4. 

5. 

G. 

7. 

S. 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 
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and aorta wero also ot normal sizo and contour. At the time of filling of the aorta and 
braclnocophalic arteries, the right internal mammary artery was also visualized and its 
termination in a cluster of vessels measuring about 1 5 cm in diameter was clearly demon 
strnted (rig 1) 

At operation on Sept 23, 1955, tiinpings were arranged to expose the entire anterior 
chest wall from tho level of the clavicles down to the coital margins and between the 
anterior axillary lines At the level ot the third right interspace there was a 5 bv 5 cm 
pulsatile area raised about */• cm above the tissues On palpation, a thrill was felt, and 
compression against tho third rib caused it to disnppcai 

A skin flap with its base cephalad and just large enough to incorporate the lesion 
was made The skin flap was dissected free and a pulsating mass exposed The third rib 
was then resected from its junction with the sternum for n distance of about 12 cm The 
right internal mammary vessels were visualized and the arteriovenous fistula inspected 
When tho fistula was dissected apart, a black suture, probably the site of ligature and 
cause of the arteriovenous fistula was revealed (Fig 2). The arteriovenous fistula was 
dissected freo and the individual vessels ligated Complete collapse of the fistulous sac 
resulted; there was also disappearance of the thrill and murmurs Numerous perforating 
branches from tho intercostal vessels were individually ligated allowing removal of the 
fistula and ancurjsmal sac Tho skin flap was then brought into position and secured with 
interrupted sutures of pure silk to the subcutaneous tissue and skin A pressure dressing 
with rubber sponge was applied to avoid accumul ition of blood and serum under the skin 
flaps Recover}* was uneventful and the patient was discharged on the twelfth post 
operative dav 

Pathologic stud} of tho specimen revealed a saclikc structure measuring 2 by 1 8 bv 
15 cm ; several '‘feeder” vessels were present Microscopic stud} showed the sac to be 
composed of a thick laver of connective tissue with connecting endothelium lined blood 
vessels 

COMMENT 

Injuries to bloocl vessels, have been recorded ever since the beginning of 
medical history and go back to the eia of blood letting. Elkin 1 aptly remarked 
that although blood letting has long passed into oblivion, a new evil, the large 
scale use of venous and arterial punctuics for diagnosis and tieatment may be 
expected to be followed by an incieased number of anemysms and fistulas 
However, such complications have been laie Trauma to blood -vessels during 
suxgical procedures is common; tiansfixion and ligation of individual vessels 
aie standard pioceduics. Ligation of aiteries and -veins on masse, however, 
is paitieulaily liable to give lise to fistulas Holman 2 also has emphasized 
the danger of eiosion of ligatures, paiticularly after mild infection It is 
generally agreed that traction pins, wires, and fixation devices aie dangerous 
in the vicinity of blood vessels because of their tendency to erode vessels and 
cause arteriovenous fistulas 3 - ‘ 

Arteriovenous fistulas have been described following thoi acentesis, 5 
amputations, 6 hysterectomy,' thyroidectomy, 8 laminectomy for intcrvertebial 
discs,” and nephrectomy. 10 Elkin 1 reported three instances of aneurysm and 
3 cases of aiteiiovenous fistulas following operations or siugical procedures 
in 650 peisonally obsei ved eases, a total incidence of one per cent 

In the case herein icpoited, the onset with pulsation in the chest wall and 
vascular bruit following mastectomy was characteristic of the development of 
a tiaumatic, postsurgery arteriovenous fistula Localization of the lesion to 
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Fig-. 1 —Angiocardiogram (frontal view) made 9 seconds a- ■ : 

injection shows opacification of the left ventricle and aorta. The 
Including’ the right internal mammary artery (arrow) are clearly . ■ 

cluster of opacified vessels at teimlnation of the right internal mammary artery, 
of the arteriovenous fistula 


INTERNAL MAMMARY 



Fig. 2.—Sketch of the ope. alive findings of the right InternalI mammary arteriovenous 

which developed after radical mastectomy. 
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PERICARDIAL FAT NECROSIS 

Report or Tiirfe Cases 

Robert C Jackson. 31D,’ 0 Thfron Clvgett, 31 D, s * and 
John R McDonald, 3[D*** 

Rociilsifr, 3RNN 

E XPLORATORY thmacotomy has justifiably become an mcieasingly com¬ 
mon and accepted pioceduio It is frequently the most expedient or the 
only method available to establish a definitive diagnosis, without which in¬ 
telligent management is impossible The following thiee clinically indeter¬ 
minate chest lesions voie suigieally excised and aie icpoitcd because of their 
unusual natuie They lopiesent a elimcopathologie entity to which wo can 
find no lefeience in the medical liteiatuie 

llFPORT OF CASTS 

Ckse 1.—A 52 year old white male farmer registered at the Mayo Clime on Aug 23, 
1051 For approximately one year he had experienced intermittent episodes of se\ere 
sharp lancinating pain m the lower aspect of his right anterior chest. In June, 1951, he 
had been hospitalized for a particularly se\erc attach of constant pain which was ag 
gra\ated by deep breathing A thoracic roentgenogram was interpreted as normal at that 
time, but a repeat study in August revealed n lesion in the right hemithorax and lie was 
referred to us for e\aluation He ga\c a history of pneumonia with pleurisy on the right 
side in 1929 and renio\nl of a squamous cell epithelioma from the left eyelid in lla\, 1951 
V mobile unit roentgenogram of the thorax m 1949 had been normal 

On physical examination the patient appeared in excellent general health, except for 
moderato obesity He was GG inches in height and weighed 1S5 pounds Definite point 
tenderness to palpation was present oy er the costochondral junction of the right fifth nb 
Xo other significant findings were noted 

Xo nbnonnnl data were recorded m a thorough laboratory stud\ including an electro 
cardiogram. Posteroanterior and left anterior oblique roentgenograms of the chest (Fig 
1) demonstrated a mnss o\er the dome of the right diaphragm in continuity with the chest 
wall 

On -Vug. 29, 1951, a right anterolateral incision was made and the chest was entered 
through the bed of the fifth rib A firm mass of lobulated fat was found surrounded by a 
moderate degree of inflammatory reaction fixing it to the diaphragm, the anterior chest 
wall, and the right lower lobe Curiously, it was attached to the pericardium by a pedicle 
3 cm m length and 0 7 cm in diameter. This was ligated, and the mass was remo\ed 
after it had been freed b\ means of sharp dissection An unusually large amount of 
lobulated fat was noted o\ erlving the parietal pericardium 
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e light internal mammary vessels was easily accomplished by the intravenous 
me ocl of angiocardiography. 11 Furthermore, visualization of the arterio- 
\enous fistula excluded other (congenital) types such as chest Avail 12 pul¬ 
monary. 15 and coronary. 14 Finally, the normal cardiovascular findings also 
eliminated patent ductus arteriosus, aortic septal defect, and rupture of an 
am-tic sinus aneurysm. The finding of an old ligature in the immediate vi- 
cinitj of the fistula is strong evidence that erosion Avas responsible for forma¬ 
tion of the arteriovenous connection. Surgical excision of acquired artcrio- 
a enous fistulas Avith ligation of the involved vessels is curative. 


ADDENDUM 

Siuce this paper was submitted for publication, Muller and Goodwin 15 reported 
operating on a patient with a renal arteriovenous fistula which was discovered 29 years 
after nephrectomy. 
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The gross specimen measured 5 by 2.5 by 2 cm. It was firm and was composed en¬ 
tirely of fat, which was medium to light brown. Microscopic sections (Tig, 2, a) demon- 
strutcd fat necrosis. There were definite phagocytosis of some of the fat and pooling of 
the lipidcs in largo spaces, frequently 10 to 20 times the diameter of a normal fat cell. 
A moderate amount of fibrous tissue was present in heavy strands and islands throughout 
the specimen. There was very littlo inflammatory oxudate. Serial block sections were 
prepared with elastic van Gieson staiu (Pig. 2, b). Some of the arterioles demonstrated 
a severe degree of subintimal fibrosis and others a mild to moderate medial hypertrophy 
with consequent narrowing of tho lumina. Sovcral small venules had thrombosed and 
partially rccanalizcd. The majority of the \essels, however, were quito normal. 

Case 2.—A 03-year old white male truck driver registered on May 2, 1955. Six 
weeks previously a very sovoro pain had abruptly developed in the left precordiura. He 
had had a myocardial infarction four years previously, and both ho and his physician 
thought he was suffering from a similar attack. A low-grade fever and nonproductive 
cough developed during subsequent hospitalization, and an electrocardiogram showed no 



Fie 3—Case 2. posteroanterior (a) and left lateral (l>) roentgenograms, showing rounded 
opacity overlying the left heart border and anterior against the chest wall 


change. The pain gradually diminished and became intermittent, but was referred to the 
left shoulder and was aggravated by a cough. Thoracic roentgenograms demonstrated a 
lesion which did not change over a 6-week interval, despite antibiotic therapy. Conse¬ 
quently, he was referred to the Clinic for further study. His past medical record included 
a coronary occlusion in 1951 and ligation of the left saphenous vein in 1947. Chest roent¬ 
genograms in 1952 and 1953 were normal. 

Physical examination revealed a somewhat obese, mentally depressed man, who did 
not appeal ill. He vraa 70 inches tall and weighed 220 pounds. Moderate benign piostatve 
hypertrophy was noted, but other findings were quite normal. His exercise tolerance was 
excellent. 

Laboratory studies were within the usual range, except for an electrocardiographic 
tracing indicative of an ancient healed posterior myocardial infarct. Posteroanterior and 
lateral thoracic roentgenograms (Fig. 3) demonstrated a rounded juxtacardiae mass. 

On May 6, 1955, a left posterolateral incision was made through the bed of the sixtl 
rib- A firm, ovoid mass was encountered, which was densely adherent to the terior r' * 
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history, primary carcinoma was considered to bo a most unlikely possibility. After a frank 
discussion with both the patient and her husband, an observation period of one month was 
advised. 

Roadmission roentgenograms on Sept. 9, 1955, demonstrated no appreciable change 
in the lesion. Thoracotomy was then recommended and on Sept. 14, 1955, the left lung 



Fig. 6._Case 3 Surgically resected specimen of pericardial fat. The fat is bulkier and firmer 

than normal. 


was exposed through the bed of the sixth rib. No free fluid was encountered, and the 
pleural space was free except in the region of the diaphragm, where edematous adhesions 
were encountered. A firm, ovoid mass could be palpated low in the interlobar Assure. 
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wall, pericardium, and lung. It appeared to originate in pericardial fat and was dissected 
away and removed without damage to the lung or the pericardium. 

The surgical specimen (Fig. 4) measured S by 4.5 by 2.5 cm. and consisted of pale 
brown fat, which was abnormally firm. Histologically, the findings were similar to those 
m Case 1 m that fat necrosis was present. Both the dissolution of fat and the fibrotic 
process were less extensive in this specimen than in Case 1. The fatty envelopes were 
filled with phagocytized fat, and a moderate inflammatory reaction was present. Serial 
block sections prepared with elastic van Gieson stain demonstrated vascular changes simi¬ 
lar to those in Case 1, but of lesser degree. 



- r 
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Fig. 4.—Case 2. Gross specimen of resected pericardial fat 

Case 3. —A 47-year-old farmer’s wife was referred to us on Aug. 8, 1955. Her health 
had been excellent until July 14, 1955, at which time she experienced a sudden dull con¬ 
stant pain in her left anterior chest. She was immediately hospitalized with a tentative 
diagnosis of myocardial infarction. The following day the pain had become more severe, 
was referred to the left shoulder and seemed somewhat aggravated by deep breathing. 
Chest roentgenograms taken at this time were interpreted as “pleuritis with effusion,” 
but two attempts at thoracentesis yielded only a scanty amount of bloody fluid. Gradual 
abatement of pain occurred during nine days of hospitalization, and she had been asymp¬ 
tomatic for several da}'s on admission to the Clinic. Her past medical history was not 
significant, and she had nor had a chest roentgenogram prior to her present illness. 

The only remarkable finding on physical examination was an extreme degree of 
obesity. She weighed 215 pounds and was only 62 inches tall. 

Routine laboratory studies, including an electrocardiogram, were within the normal 
range, except for a leukocyte count of 10,900 per cubic millimeter with a normal dif¬ 
ferential count. Posteroanterior and lateral roentgenograms of the chest (Fig. 5) dein 
onstrated an elevated left liemidiaphragm with an overlying mass in the region of the 
interlobar fissure. Motion of the posterior portion of the left liemidiaphragm was dem¬ 
onstrated by fluoroscopy, but its anterior portion and the lesion both appeared fixed. 

Localized pleuritis with effusion, or the residual of a pulmonary embolism, seemed to 
be the most likely diagnosis at that time. In view of the patient’s sex and recent acute 
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was eliminated with the aid of serial electrocardiograms and thoracic roent¬ 
genograms. Many other disease entities might well be considered in the dif¬ 
ferential diagnosis of this condition; particularly, pulmonary infarction, 
localized pleural effusion, mesothelioma, pleuropericardial cyst and, as always, 
primary or metastatic carcinoma. 

A consideration of the possible etiology of this entity appears justified. 
The tissue changes arc not consistent with sepsis, and bacteriologie study of 
two specimens was unrewarding. The pedicle described in our first case ap¬ 
peared at operation to be slightly twisted. This immediately suggests com¬ 
promise of the vasculature with resultant ischemia. A similar set of circum¬ 
stances is well known to occur in the appendices cpiploicae and in the omen¬ 
tum, but the end result, as would be anticipated, is hemorrhagic infarction and 
gangrene. Epiploic appendicitis of lesser magnitude does occur, but torsion 
has not been described in these cases. The vascular changes present in each 
of our specimens (see report of cases) were somewhat confusing to us. If this 
entity were of primary vascular origin, one would anticipate a uniform type 
of vessel abnormality rather than the array of changes which we observed. 
In an attempt to further evaluate this aspect of the problem, we studied two 
groups of cases. Eleven surgical specimens of fat necrosis of the breast and 
six surgically removed epiploic appendicitis specimens were prepared with 
elastic van (lieson stain. We were considerably surprised to find vessel 
changes varying from mild to severe in six of the breast and in four of the 
epiploic appendage specimens. The changes (Fig. 7) were quite similar to those 
found in our pericardial fat specimens. Apparently nonspecific vascular 
changes occur frequently in the presence of fat necrosis, and probably as a 
secondary phenomenon. We are, therefore, unable to offer a reasonable ex¬ 
planation of why fat necrosis should occur in this unusual location. 

SUMMARY 

1. Three surgically treated eases of fat necrosis involving parietal peri¬ 
cardial fat are reported. 

2. These cases, to the best of our knowledge, represent a previously un¬ 
described clinicopathologic entity. 

3. All patients presented clinically with acute anterior chest pain, and 
their thoracic roentgenograms demonstrated adesion in juxtaposition to the 
heart. 

4. Histologically, the surgical specimens demonstrated the usual picture 
of fat necrosis and, in addition, abnormalities of some of the blood vessels. 

5. These vascular changes were demonstrated in fat necrosis of other 
sites and are believed to be secondary in nature. 
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A moderato degree of inflammatory reaction enveloped tl.o mass, but tl.e lobes were sepa- 
lntod from it without damage. It was then recognized as a large necrotic fat pad and 
was removed from the parietal pericardium without difficulty. 

The involved fat (Pig. 6) measured 7.4 by C by 2.5 cm. It was firm and again ap¬ 
peared browner than the surrounding fat. Microscopically it revealed the changes of fat 
necrosis and was not unlike the fatty masses in Cases I and 2. The inflammatory reaction 
was mild, with a moderate amount of fibrosis and a very extensive degree of phagocytosis 
of fat. Some of the small veins nnd arteries showed rather marked endarfcrific changes, 
with considerable narrowing of the luminn. Proliferation of intimal cells and subintimal 
iibrosis were demonstrated. 

COMMENT 

The similarity of clinical findings in the foregoing patients is at once ob¬ 
vious. Onset of difficulty in each was heralded by acute low anterior chest 
pain, and thoracic roentgenograms demonstrated a mass close to the cardiac 
silhouette . All had a pleuritic component to their pain at some phase of their 



Fig. 7.—Section from a surgical specimen of epiploic appendicitis, showing subintimal fibrosis 
of tlie arterioles (arrows) (clastic van Gieson; X9«). 

illness, and in 2 it was referred to the shoulder. In general, symptoms per¬ 
sisted, to become chronic, although intermittent in character. Each patient 
was quite obese, and we are inclined to believe that this is probably a pio- 
roquisite of their disease. In retrospect, then, these findings appear to be 
sufficiently constant to warrant clinical consideration of the correct diagnosis 
in any future ease. Proper therapy would, however, indicate thoracotomy 
with resection of the diseased 1 issue. On surgical exposure, the true native 
of these lesions may not he immediately evident, since they are envelopec } 
a moderately intense secondary inflammatory reaction. On cut surface, how¬ 
ever, they are composed entirely of fat and are readily recognized as sue i. 

In 2 of the patients reported in this paper the acute attack of anterior 
chest pain suggested the diagnosis of myocardial infarction. This lagnosis 
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Fast History —The past lustorj did not contun additionallv helpful d ita There 
was no histor) of tuberculous infection or of contact with tuberculosis 

Physical Lxamination —The patient was mute!) ill with obvious respuatorj distress 
lie was also emaciated The temperature was 100 2° V and pulse was 128 per minute Re 
spiraton rate was 2G per minute The neck veins were markedly distended Two ulcers 
were noted near the center of a rouglil) oval area of induration on the left lateral chest 
wall The indurated area mcisurcd 8 cm in greitest diameter and was near the mid 
axillar) line o\erlving the left ninth, tenth, and eleventh ribs Another area of induration 
(4 cm in greatest diameter) was noted in the left midclaviculnr line overling the fifth 
and sixth ribs This lesion was tender but was not ulcerated 

There was dullness to percussion m the lower one half of the left chest In this 
region breitli sounds were absent, although elsewhere coarse riles were heard m both 
lung fields Respirator) excursion of the left licmithorax was marked) diminished and 
there was no visible or palpable evidence of cardiac pulsation m the left procordium The 
heart sounds, were distant and no murmur was heard Blood pressure was IQS/92 mm Ilg 
A paradoxical puhe was present which encompassed the entire range of pulse pressure 
Tlu abdomen vv is ovoid, protuberant, and tense Shifting dullness to percussion was 
noted and the livtr edge was palpable 10 cm below the right costal margin Massive de 
pendent edema was present which involved both lower extremities and extended up the trunk 
to the level of the heart 

Bactcnologic Data —T)pical “sulfur granules’* were identified in purulent mitenal 
draining from the left chest wall Clubbing was seen at the penpherv of these granules 
Further examination of a crushed granule revealed numerous gram positive branching fila 
ments which Tcscmbled an actinoni) etc Hie organism was not acul fast with 3 per cent acid 
alcohol decolonzation It was cultured on blood agar in a “Brewer anairobic jar” 
where rough colonies resembling “bread crumbs” appeired after 4 da)s’ incubation at 
37° C Examination of smears from the colonics revealed morphologic and staining 
characteristics similar to those just described This organism was identified as Actinomyces 
hovis 

Laboratory Data —Hemoglobin was 7 5 Gm per 100 cc, hematocrit 2o per cent, 
red blood cells, 3 5 million per cubic millimeter, white blood cells, 5,400 per cubic milli 
meter, and differential count showed 87 per cent pol)morplionuclear ltul ocytes Urine 
specific gravit) was 1 002 Tests for urine sugar and albumin were negative Nonproteui 
nitrogen was 22 5 mg per cent Total protein was 5 78 Gm per cent with 3 52 Gm 
albumin, and 2 26 Gm globulin 

Examination of the postcroantcrior chest \ ray revealed marked enlargement of the 
caidiopericardial silhouette Irregular areas of increased density were present in the 
left lower lung field extending from the level of the diaphragm to the anterior portion 
of the left fourth rib The area of greatest densit) measured 15 b) 3 cm and was 
adjacent to the lateral chest wall corresponding in position to the larger region of induration 
described above The right costophrenic angle was blunt The electrocardiogram showed 
low QRS voltage with negative T waves in Leads I, II, III, V 3 , and V 8 (Fig 1) Venous 
pressure was 280 mm of water and arm to tongue circulation time (Decholin) was 13 
seconds The hepatojugular reflex phenomenon was markedl) positive 

Hospital Course—Following admission the fever, restlessness marled djspnea, and 
orthopnea continued He was given a low sodium diet (200 mg per da)) and advised to 
rest in bed The daj after admission the following thcrap) was instituted intramuscular 
aqueous crjstalhnc penicillin (4 million units dail}), oral sulfadiazine (4 Gm dtul)), 
and oral tetracjelme (1 Gm daily) Penicillin was changed to intramuscular aqueous 
procaine penicillin (1 2 million units daily) after three dav s of therapy His temperature 
returned to normal five dajs after the initiation of treatment B) this time d)spnea 
and orthopnea decreased in sevent), but hepatOmcg il), asutes, aud ankle edema persisted 
Further radiographic studies, including roentgenkymography showed minimal to absent 



CHRONIC CONSTRICTIVE PERICARDITIS DUE TO 
ACTINOMYCES BOVIS 

Report of a Case Treated by Pericardectomy 

M. IIara, M.D., and J. A. Pierce, M.D. 

Little Rock, Aric. 

A CTINOMYCES BOVIS is an uncommon cause of chronic constrictive 
•iV. pericarditis. This occurrence is not surprising in view of the pathologic 
behavior of this fungus which resembles that of the tubercle bacillus in certain 
respects. Of the 71 cases of actinomycosis of the heart and pericardium re¬ 
ported in the world literature since 1882, approximately 14 patients have 
presented the clinical syndrome of chronic cardiac constriction. 

Prior to the advent of effective thei’apy, involvement 'of the heart or 
its membrane had occurred mainly as a late or terminal complication of a 
lethal infection. Consequently, the uncontrollable and diffuse nature of the 
infection in chronic obliterative pericarditis had uniformly precluded treat¬ 
ment by pericardectomy. More recently the beneficial action of the sulfonamides 
and penicillin has largely prevented the complication of pericardial and 
cardiac actinomycosis and permitted the safe undertaking of operative pro¬ 
cedures in patients. This .communication concerns a patient with chronic 
constrictive pericarditis due to Actinomyces bo vis who is felt to represent the 
first documented instance in which pericardectomy lias been carried out suc¬ 
cessfully. 

case report 

Present Illness .—A 35-year-old Negro man, unit number A-72209, was admitted to 
University Hospital on Jan. 7, 1955, complaining of dyspnea, abdominal swelling, and 
ankle edema of four weeks’ duration. He had been well until five months previously 
when he noted an area of tenderness on the lower left chest wall laterally. This area 
became indurated, softened centrally, and ruptured after several days. A small amount 
of drainage appeared which persisted for a few days following which the lesion gradually 
healed. He had no further symptoms until five weeks before admission when tenderness 
and induration reappeared in the same region. Within several days, this lesion Tupturcd 
and drained. 

Scanty purulent drainage persisted and one week later (four weeks prior to ad¬ 
mission) the patient developed severe dyspnea. He soon noticed abdominal swelling 
and ankle edema. He stated his heart felt “swollen.” The dyspnea became increasingly 
severe, and orthopnea developed so that on three or four occasions he sat in a chair all 
night. Fever, night sweats, and frequent headaches were troublesome, and later he 
developed a cough which was productive of a small amount of mucoid sputum. he 
headache abated one week prior to admission, but the other symptoms persisted. 

From the Department of Surgery and the Department of Medicine, University of Arkansas 
School of Medicine, Little Rock, Ark. 

Received for• publication May 14, 195G. 
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Pathologic data : Grossly, the pericardium was purplish-tan in color and varied 
from 3 to 10 mm. in thickness. Examination of material, obtained by sectioning the 
specimen, revealed gram-positive branching filaments, but cultures of this material failed 
to grow. Sections were prepared with hcmatoxylin-cosin, periodic acid-Schiff reagent, and 
Zichl-Ncclscn acid-fast stains. 

Microscopic examination revealed a markedly thickened pericardium composed of 
fibrous tissue. A few sharply defined collections of polymorphonuclear leukocytes were seen 
which were considered typical micro-abscesses. One colony of Actinomyces bovis was found 
in such a lesion (Fig. 3). Numerous small blood vessels were present in the pericardium 
and, pcrivascularlv, lymphocytic infiltration and scattered hemorrhages were noted. Somo 
focal areas of round-cell infiltration were also present. No acid-fast organisms could be 
demonstrated. Tho final pathologic diagnosis was chronic constrictive pericarditis due to 
Actinomyces tons. 



incision 

Fig. 2.—Artist’s drawing of operative findings. 


Postoperative course: His recovery following surgery was uneventful. The day after 
operation venous pressure was 14G mm. of water and arm-to-tongue (Decholin) circulation 
time was 19 seconds. He had a low-grado fever for six days although he reported subjective 
improvement. Subsequent determinations of venous pressure and circulation time were re¬ 
peatedly within normal range. He was released from the hospital completely free of 
symptoms on March 26, 1955. 

Following discharge he continued to receive intramuscular aqueous procaine penicillin 
(1.2 million units daily) and oral sulfadiazine (3 Gm. daily). He was free of symptoms 
when last seen, three months postoperatively. Examination did not reveal hepatomegaly 
or ankle edema. He was advised to continue medication for three additional months. 
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cardiac pulsations. Pericardiocentesis was attempted from three different approaches 
but was unsuccessful. During the latter part of February, cardiac insufficiency was 
increasingly severe as evidenced by an increasing venous hypertension (maximum 380 mm. 
water) and marked prolongation of the circulation (maximum 43 seconds). Because of 
this, operative intervention was advised. 

Operation.—Operative findings : An abscess, 3 cm. in diameter, containing minute 
particles was found in the soft tissues just anterior to the left fifth rib, 8 to 10 cm. from the 
costochondral junction. The heart, which was not enlarged, was encased in a thick fibrous 
capsule which markedly restricted its activity. The membrane measured 3 to 10 mm. 
in thickness. No exudate or fluid was encountered during decortication of the heart 
which was carried out with relative ease. 



Operative poceime, A transverse sternnm-splitting ^ incision n-as »ado in ft. «» 
intercostal space. The upper e»d of J” tl» m,.cardiac,, 

the left phre.i :; erve. W **£ ^ 
diaphragmatic aspect o< the heart ™ 8 “ J drastically a. the decortication 

“ “ "e.rtong":na“f s f e,’ = > of fte peeh TWjjJ- - 
and blood pressure were stable throughout the procedure, 
accomplished with silk sutures. 
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by actinomycotic granulation tissue. In those remaining, the changes ranged 
from mild inflammation confined to the parietal pericardium to a more severe 
fibrinopurulcnt process. In one patient, 750 c.e. of pus was recovered. In 20 
of the 29 patients with proved pericarditis, invasion of the myocardium had 
occurred, leading to the formation of multiple abscesses with frequent ex¬ 
tension of the process to the endocardium. At times the granulomatous masses 
actually projected into the cardiac chamber with perforation of the endocardium 
and pyemia in G patients. 

Cornell and ShookhofL' 1 noted that only 23 of G8 patients were reported 
to have manifested clinical evidence of disease of the heart or its membranes. 
However, the lack of data did not permit an accurate definition of the clinical 
picture in a significant number of the patients. The patients reported by 
Gose 5 and Lidbcck, 3 both of whom have been mentioned but not reviewed by 
Cornell and Shookhoff, were also shown to have chronic constrictive pericarditis. 
The syndrome of chronic constrictive pericarditis was absent in the others 
with demonstrable generalized obliterative pericarditis at necropsy. That 
an adherent pericardium is not necessarily synonymous with clinical cardiac 
constriction has been borne out by the study of Sprague, Burch, and White.' 1 
Their review of 43 patients with adherent pericardium among 1,900 autopsies 
at the Massachusetts General Hospital failed to disclose a single example of 
clinical constrictive pericarditis. 

In the ten years since the report of Cornell and Shookhoff, no additional 
patients with chronic constrictive pericarditis due to Actinomyces bovis have 
been recorded in the literature. Zoecldcr 5 has reported a patient with actinomy¬ 
cotic pericarditis in whom the chief clinical inanifcstation was the presence 
of a pericardial friction rub. Treatment with penicillin and Aureomycin 
resulted in complete recovery without sequelae. The rare occurrence of cardiac 
or pericardial actinomycosis during the past decade can undoubtedly be attri¬ 
buted to the efficacy of the antibiotic drugs in eradicating this infection. 

The term “actinomycosis” is considered by' Conant and Hosebury, 0 and 
others,’' 8 as referring specifically to infections caused by Actinomyces bovis. 
Publications which do not conform to this terminology have not been considered 
in the present report. In this connection, it has not been possible to determine 
how many of the early reports dealt with infections caused by species other 
than Actinomyces bovis. The colony of organisms seen in Pig. 3 was not 
observed on routine histologic examination, but was discovered only after a 
large number of microscopic sections had been examined. This fact points 
out that actinomycotic granules might be easily overlooked in the case of 
healing pericarditis. Attempts to culture the organism at the time of surgery 
were unsuccessful although its staining characteristics were similar to those 
observed before treatment. 

The role of surgery in diffuse adherent pericarditis due to the ray fungus 
has been a singularly insignificant one, a fact attributed to the ineffective 
control of the infection prior to the availability of present day therapy, its 
far as it can be ascertained from the available literature, pericardial decorti¬ 
cation has been attempted only once prior to that of our patient. He was a 
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Fig. 3. Photomicrograph of pericardium containing a typical “sulfur granule.” Periodic acid- 

Sclnff stain. (X400.) 

DISCUSSION 

The pathogenesis of actinomycotic pericarditis is discussed by Cornell 
and Shookhoff 1 who reviewed, in 1944, the clinical and pathologic findings in 
68 patients, including 3 of their own with actinomycosis of the heart and/or 
pericardium collected from the world literature. The cases of 2 additional 
patients with this lesion have been appended to the end of their article, making 
a total of 70 patients. 

The pathologic process observed at necropsy in 69 was similar to that 
noted in actinomycosis of other organs and tissues, characterized by a granulom¬ 
atous reaction upon which are superimposed the features of acute and chronic 
suppuration. Microscopically, the lesions consist of minute abscesses surrounded 
by an actively proliferating connective tissue in which are scattered poly¬ 
morphonuclear leukocytes, epithelioid cells, and numerous capillaries. 

The pericardium was found to be most commonly involved by direct 
spread from a contiguous focus, most frequently in the lungs. Occasionally 
the pericarditis was a sequela of active infection within the myocardium which 
in turn had resulted from blood stream infection. Forty-one patients of the 
collected group studied by the authors fell into the former category, although 
in 12 patients the organism could not be demonstrated in the pericardial 
tissue. However, in each of the latter instances, a focus of actinomycosis 
was proved to be present adjacent to the heart. In 18 of 38 cases in which 
sufficient data were available the pericardial sac was completely obliterated 



\otume 33 
Number fi 


PERICARDITIS DUE TO ACTINOMYCES DO VIS 


737 


SUMMARY 

3. A patient is presented with chronic constrictive pericarditis caused 
by Actinomyces bovis. 

2. The punciples o£ therapeutic management were essentially those fol¬ 
lowed in tin tnatment of constrictive pericarditis of tuberculous etiology. 

3. This patient is thought to represent the fitst reported instance of 
successful pi iie.udectoiny in actinomycotic constrictive pericarditis. 
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53-year-old wliitc man, reported by Gose in 1942, who developed the character¬ 
istic picture of chronic constrictive pericarditis while he was under treatment for 
an undiagnosed infectious process in the right lower lobe. His course was ex¬ 
tremely septic and progressively downhill. Pericardectomy was recommended for 
relief of his cardiac symptoms despite the continuing deterioration of the patient. 
At thoracotomy, the surgeon discovered an inflamed and thickened pericardium, 
and upon excising a portion of the parietal pericardium overlying the left 
anterior atrioventricular region, uncovered a large abscess. The operation was 
terminated at this point. The patient died on the day following surgery. 
Necropsy revealed a greatly thickened and indurated pericardium with sinuses 
and obliteration of the sac except for the previously described abscess. The 
underlying myocardium was not involved. Actinomyces were isolated in the 
exudate from the pericardium and from the operative incision, but were not 
cultured. The source of the pericarditis was traced to an abscess in the left 
lung. 

The patient reported by Bigland and Sergeant, 9 in 1923, is the sole sur¬ 
vivor in the collected series prior to Zoeckler's patient and deserves brief 
comment. This 22-year-old white man developed a massive purulent peri¬ 
cardial effusion due to Actinomyces bovis. Pericardiostomy, performed as a 
desperate measure, saved his life. He had been treated initially for post- 
pneumonic empyema of the right pleural cavity by a rib resection but failed to 
improve satisfactorily. Iiis dyspnea became ominously intense. A teleoroent- 
genogram of the chest revealed opacification of the left lung to the level of 
the sixth rib. After a pericardiocentesis was unsuccessful, incision into the 
pericardium yielded 25 ounces of a seropurulent fluid. The pericardial sur¬ 
face was shaggy. The patient recovered after a stormy convalescence with¬ 
out the sequela of chronic constrictive pericarditis. Attempts to demonstrate 
organisms from the original fluid from both the empyema cavity and the 
pericardial sac failed, but Actinomyces were later isolated in the drainage 
from the chest cavity. 

The clinical problems and gross pathologic findings in our patient did 
not differ essentially from those frequently seen in patients with tuberculous 
chronic constrictive pericarditis. Although the surgical experience in actinomy¬ 
cotic pericarditis is meager, the principles commonly advocated in the surgical 
management of tuberculous constrictive pericarditis are equally applicable. 
Although the transverse sternum-splitting approach, as utilized by Johnson 
and Kirby, 10 and others, gave excellent exposure of the heart, the placement 
of the incision through the site of the healed sinus tract resulted in the in¬ 
advertent opening of an abscess in the chest wall. Fortunately, this did not 
lead to infection of the wound or other harmful complications. The alternative 
and better incision in this case would have been a medium sternotomy to 
circumvent completely the region of the abscess. The outcome in this patient 
would indicate that pericardial decortication can be safely performed relatively 
soon after subsidence of an active infection. 
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have recurred and there is ever present the danger o£ the inhalation of 
stomach contents into the lungs during sleep, hut this method of treatment is 
undoubtedly a great advance on anything that has been done before. 

In 1953, Brain 1 published some results on fat absorption after various 
gastric operations, and on these findings recommended the excision of esophag¬ 
eal peptic strictures, the reduction of the stomach into the abdomen and 
restoration of continuity by an isolated intestinal loop within the mediastinum 
and abdomen. This was a modern adaptation within the mediastinum of what 
Roux 1 had originally performed beneath the skin of the chest wall. In the 
same paper, Brain gave an account of the one patient on whom he had per¬ 
formed the operation successfully in November, 1951, and he now reports in 
a personal communication that he has done three more. If this operation 
could be done safely it would seem to provide a satisfactory answer to the 
problem in children and might even be more generally applicable. The pos¬ 
sible objections to the operation are first that it involves many anastomoses 
and that there arc therefore many opportunities for technical mistakes, second 
that ulceration might occur at the jejunogastric junction, and third that there 
might be difficulty in vomiting should the need arise. The first of these listed 
dangers inevitably persists as the following records will show. The earliest 
patient operated upon in the scries died as a result of technical faults, and 
the description of many other mistakes that have been made and then corrected 
may be a help to other surgeons working in this field. No gastrojejunal 
ulceration has yet been observed, and one child who ate too much rich food 
vomited successfully. 

The technique of csophagojejunogastrostomy is here described and some 
details of the 11 patients upon whom it lias boon performed are recorded. 

Operation .—A loft thoraco-abdominal incision is made through the eighth 
space and the diaphragm is split back toward, but not into, the hiatus. The 
edges of the diaphragm are conveniently retracted by being sutured to the 
edges of the costal incision. The gastrosplenic omentum is divided, the vasa 
brevia being ligatured, so that the fundus of the stomach and the left half of 
the greater curvature are free. The stomach is rotated forward and the ves¬ 
sels at the upper end of the lesser curvature secured and divided from the 
back. The stomach is divided just below the cardia and the two ends sutured 
and infolded. The cardia is drawn up into the mediastinum and the diseased 
part of the esophagus is dissected free with a length of normal esophagus 
above, to give both space and mobility for an easy anastomosis. The vagus 
nerves may be dissected free from the wall of the esophagus in the hope of 
preserving some of their fibers, but it usually happens that most of them are 
divided before the operation is completed. The esophagus is then allowed to 
“lie fallow’’ in the mediastinum, while a Roux loop, long enough to reach the 
normal part of the esophagus without tension, is fashioned. The details of 
construction of a Roux loop have already been described (Allison and Da 
Silva 3 ) and do not differ materially from that in the original paper by Roux, 2 
himself (1907). The upper end of the loop is closed by inversion and suture. 



ESOPHAGOJEJUNOGASTROSTOMY 

P. E. Allison, F.R.C.S., F.A.C.S.(Hon.), Oxford, England, G. H. Wooler, 
F.R.C.S., Leeds, England, and A. J. Gunning, F.R.C.S., Oxford, England 

T HE performing of esophagojejunostomy by Roux loop, after radical total 
gastrectomy for malignant disease of tlie stomach, provided enough 
technical experience for the method to be applied to intestinal reconstruction 
after the removal of simple peptic strictures of the esophagus. A regular 
survey of those patients who survived for years after excision of a carcinoma 
showed that, with occasional medical eare, their weight, strength, and capacity 
for work were much better than had been anticipated; some of them are still 
working and taking a normal diet five to eight years after operation. When 
esophagojejunostomy lvas used for benign lesions of the esophagus, it was 
usually unnecessary to resect the stomach. This was, therefore, closed at its 
upper end and left in place as a blind appendage to the alimentary canal. 
Food then passed from the esophagus into the jejunum where it travelled for 
twelve to eighteen inches before it met the bile and pancreatic juice and such 
gastric juice as was secreted. The patients with benign lesions form an in¬ 
teresting group for study, for they should have a long expectation of life. 

Groups of patients, 26 who have had radical resections for malignant dis¬ 
ease and survived more than 3 years, 10 with total resections for benign lesions 
(some of them thought to be malignant at operation), and 42 patients who had 
had esophagojejunostomies for peptic stenosis of the esophagus (in most of 
whom the stomach w r as left in place), have formed a modest basis on which to 
assess the effects of such drastic alterations to the alimentary tract on nutrition, 
strength, and habits of life. The patients were mostly past middle age and 
their progress over the years will be the subject of a further report. The 
results have been generally good, some have been excellent and some very 
poor, a description that might be applied with equal validity to almost any 
operation on the stomach that alters the design of nature. However encourag¬ 
ing some of these results might be in middle-aged and elderly people, they 
hardly seemed to justify doing the same operation on a small child. The idea 
of by-passing the stomach and duodenum in a child 4 or 5 years old with its 
special needs for growth, development, maturation, and reproduction was in¬ 
admissible, and yet these were the patients who seemed to be most urgently 
in need of help. Some surgeons have tackled the problem by performing long 
esophageal resections and high mediastinal esophagogastrostomy. This opera¬ 
tion has been immediately effective in relieving the dysphagia, but it will be 
some time before the metabolic results become apparent. Some strictures 
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and it is thcicfoie left dunning into a bottle foi the fust few dajs after 
opeiation Aput fiom allowing foi the escape of gas it is also ten useful 
foi dclcimining the state of nitcstiinl and gastnc motilitj, because ulien the 
patient is fed lij mouth the time of aim id of food m the stonncli ean be 
obsened, and In closing the tube foi a slioit time aftei a meal and then 
opening it again tin. late of stonmli emptying i in be estimated and so the 
tuning of feeds contiollul Anofhet ad\ ullage of a gastiostomj is that the 
patient can be gnui dunks as soon as lie lotoieis fiom bis anesthetic The 
effect of being able to dunk In mouth is a gicit lclicf and cntoui igunent to 
a patient, cien if the lluid escapes tlnough a gastiostomj dram Ills fluid 
leqiinements m lliese cailj dajs aic liiaint lined bj lntiavcnotis infusion 

The following case histones aie gnui, not onlj to lllustiate the ultimate 
ifiiuencj of the opeiation but to deseubc the ninnj mistakes that lunc been 
made 

CCSE KITORTS 

Case 1 —P B, tv male child, was aged 2 1 *. jears when first admitted to the hospital, h id 
vomited smcc birth and hud never been able to tnl o solid fool Ao tumor lmd over been 
felt at the pjlorus Radiograph} showed persistent narrowing of the junction of the 
middle and lower thirds of the esophagus and retention of barium in the stomach five 
hours aftor ingestion Esophngoscopj confirmed tlio presence of a stricture with apparent 
periesophageal induration at a level estimated to bo just below the bifurcation of the 
trachea Over the succeeding ten jears tlio child was csophagoscopcd and gcntlj dilated 
ten times Bv then the esophagus was stenosed over a distance of 7 cm , tho stomach was 
largo with poor peristalsis, but no abnormality could bo detected in tho pjlorus or 
duodenum 

Operation (X 5 It A ) was performed ou Dec S, PK33, as alrcadj described, except 
that no pj loronvj otomj was done There was no evidence of ulcer or scar at tho pjlorus 
Eight artonao rectae were divided and 2 5 cm of intestine was resected below tho level 
of tho jojunogastric anastomosis An end to end cntcro anastomosis was performed below 
tho transverse mesocolon The boj dovclopcd obstruction it this anastomosis and vvis 
operated upon twice for its relief, but the loop in the chest became distended and perforated 
to form an empyema During an opcrition for this last condition, lie inhaled pus and barium 
ami died shortly afterward of bronchopneumonia 

Case 2—B M, a male child, was first admitted to the hospit il at the age of 13 months 
bceiuso of vomiting since birth and inability to take solid food No pyloric tumor could be 
felt Radiography showed a stenosis of the distal part of the esophagus with sliding hiatal 
hernia (Big 1), a large stomach, and a de to runts of tho duodenum Esophagoscopy con 
firmed the presence of a tight peptic stonosis During tilt succeeding seven jears tho boj 
w is esophagoscoped eight times 

Operation (P It A ) was performed on Ecb 17, 1953 Tho cardia was 2 cm above 
tho hiatus and the stenosis of the esophagus extended from here up to 2 cm below the 
aortic arch Resection and esophagojejunostomy were performed at the level of the aortic 
arch (Fig 2) The loop was transected below and the end implanted into the posterior 
aspect of the stomach in the region of the cut vasa brevia (Fig 3) Five arteriac rectae 
were divided and the remaining part of the loop turned down and anastomosed, end to 
end, to the segment of jejunum descending from the duodenum Neither a gastrostomj 
nor a pjloromjotomy was performed Three dajs after operation, the patient became verj 
ill with abdominal cramps, distention of the abdomen, and dvspnea The abdomen was 
opened and an enormously distended stomach was found to be filling the upper abdomen 
It was decompressed slowly by the withdrawal of 3 pints of watery and rather bile stained 
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At this point it is useful to perform a pyloromyotomy, for the stomach is still 
free and a choice can therefore be made between the anterior and posterior 
surface of the pylorus, depending on which is the more accessible. Care is 
needed if the muscle fibers of the pylorus are to be completely divided without 
injury to the duodenal mucosa, for, since the pylorus projects into the duo¬ 
denum, the mucosa of the latter comes to overlay the deepest fibers of the 
muscle and is easily opened (by mistake) before all the muscle has been 
separated. Prom the experience so far gained, the performance of pyloro¬ 
myotomy is considered to be a useful safeguard against gastric delay and 
distention in the weeks following operation when the peristalsis of the 
stomach is weakened by vagal paralysis. 

A hole is next made in the transverse mesocolon, as far back as possible 
on the posterior abdominal wall so that no ridge occurs here when the trans¬ 
verse colon is drawn down. Through this hole, the Roux loop is threaded 
and passed up behind the stomach in the now widely opened lesser sac of 
peritoneum, through the hiatus and into the mediastinum. The hiatus may be 
enlarged a little by stretching its walls so that the loop is not held tightly. 
The subterminal part of the loop is joined to the musculofascial layer of the 
esophagus above the stricture, the diseased part of the esophagus excised, and 
the anastomosis completed. The loop below the diaphragm is so arranged 
that it passes over to the left behind the fundus of the stomach and reaches 
the greater curvature in the region of the gastrosplenic omentum, and a point 
is selected on the loop that can be anastomosed to the posterior surface of 
the stomach without tension or kinking. The intestine is then divided at this 
chosen point. One or two of the arteriae rectae of the upper segment are 
divided in order to free the circumference of the intestine and so facilitate 
the anastomosis to the stomach. The intestine below the level of the section 
must then be freed so that it can be drawn down and reunited to the small 
length of jejunum attached to the duodenum below the transverse mesocolon. 
This may mean the division of six to ten arteriae rectae and even the removal 
of a short segment of the intestine itself. The upper segment of the loop is 
anastomosed end-to-side to the posterior aspect of the stomach. For this 
purpose, it is probably wise to cut the end of the intestine obliquely or “on 
the bevel" so that it is not made to kink by the necessity of turning abruptly 
forward to join the stomach. The lower segment is joined to that piece of 
jejunum left in continuity with the duodenum by as long a side-to-side anas¬ 
tomosis as possible. The hole in the transverse mesocolon, which now only 
transmits the mesentery carrying the blood vessels of the isolated loop, is 
closed above the duodenojejunal flexure and above the entelo-anastomosis. 
The stomach is stitched back to the diaphragm to remake the lesser sac of 
peritoneum and a gastrostomy is performed in its anterior surface. After 
this operation, patients always swallow air and, whereas, in the absence of 
a pyloromyotomy the stomach becomes inflated, in its presence, the aii passes 
on into the intestines and causes generalized distention. The performance of 
a gastrostomy is not for the purpose of feeding but to allow the escape of gas, 
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Ca.sf 4—J G, a man nged 34 jcars, lnd had vomiting since birth and dvsphagm for 
solid food since the first tirao it was tried He was underweight and underdeveloped, had 
never had a solid meal in lus life, and had nover been able to tube part in “social” eating 
Radiographv showed a tight stricture with an ulcer crater or diverticulum at a level 5 cm 
below the bifurcation of the trachea Below this was a segment that might have been 
esophagus lined with gastric mucosa and then a sliding hiatal hernia The upper segment 
of tho esophagus was dilated and showed vtrj vigorous peristalsis after swallowing There 
was no abnormality at tho pjlorus A tight stenosis, at 3G cm, was confirmed by 
esophagoscopj but no view was obtamod bojond it 



Fig 


Fig 3 


Fig 2—Case 2 Roux; loop anastomosed to esophagus at the le\el of the aortic arch 
after excision of peptic stenosis uv ” 


3 — Case , The lower end of the isolated Roux loop anastomosed to posterior sur- 
face of the stomach in the region of the cut vasa brevla v e or s 


Operation (PEA) was performed on Oct 7, 1953 The tascular arcades of the 
small intestine were verj bizarre so that the effcctne length of the Eoux loop was small in 
relation to the length of jejunum composing the loop The spleen was three tunes it 
normal size and was some impediment to the isolating and severing of the cardm The 
esophagus, m tlio region of the stricture, had lo be freed from the pericardium bv is *' 
dissection The esophagojejunal anastomosis was made and eight arlerlie redne 
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, „ , f 0r 10 cm. beyond the entero anastomosis, were also 


formed. 

Two 3 ears later the boy was seen to have 
everything,” and had no complaints. 


developed w ell, was eating “anything and 



Long peptic stenos.s of esophagus with sliding hiatal hernia 


<Z L P, a nran aged 66 TJSfS ^55^ 

Radiography showed an megular stenosis 

confirmed that thru tens a s.mple pepfc »'“- u , ,053. Tins crnedL •*« 

Operation (A. G. Morrow) ™ * '"“^“.estLl continuity « 
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Opirntion (P BA) was performed on I el) *) f l‘>54 Iaophagus lined b} gastric 
mucosa was found between the stricture and tlio herniated stomach The resection and 
mastomOMB were carried out as described, pvloromvotomv and gnstrostoinv were done, 
and inttstinni contmuitv was restored bj a large side to side anastomosis 

Keeo\or\ was without incident, and eighteen months Inter the patient was eating 
e\entiling that was put before bun, was developing rnpidh, and was well in everj waj 

CASt 7—It C, a woman aged 34 vears, had had dvsphagia for solid food for five 
jears Radiograph} and tsopliagoscopv showed that she had a peptic stenosis of the 
esophagus with a sliding hiatal hernia 

Operation (P ltA) was performed on Aug 7, 1035 This was just as described 
Pvloromjotomv, gnstrostomj, and side to sido entero anastomosis were used Recovers 
was uneventful and the patient has been completed free from svinptoms and eating a 
normal diet to 111 © present tune 

Cvsi 8—J G, a woman of 17 vears, bad vomited since the eighth da} of life Hid had 
never been able to cat solid food bhc had had various forms of medicil and psvchologic 
treatment and man} vears of bougienage The esophagus had been perforated b> a bougie 
with a resulting right hemothorax and it that tune n gastrostomv was done Some vears 
after this, the peptic stenosis of tlio esophagus had been resected, esopbagogastrostomv 
performed, and the g istrostomv allowed to heal A further peptic stenosis had developed, 
and complete collapse of the right lung Two separate plastic operations had been done 
to open up the stenosis but these had given onlj verj temporary relief and a gastrostomj 
had to be remade to save tlio patient’s life Esoplmgo«copv showed a complicated and 
ulcerated stricture with excessive granulation tissue at 3J cm 

Operation (P B A) was performed on Aug 1C, 1955 The old scars were excised 
The lesser sne was opened and a p} lororn} otomv performed on tho posterior aspect to avoid 
disturbing the gastrostomj The csophagogastrostomj was freed and resected, the stomach 
dosed and returned to the abdomen The rest of tho operation was as de Q cnbcd In the 
postoperative period there was some obstruction bj kinking of the loop at the jejuno 
gastric junction Tho kink was obliterated b> extending the anastomosis upward to in 
elude the kink, and after that the patient's progress was uneventful 

She has been eating normal!} and gaining weight rapidl} in the eight months since 
operation 

Case 9—P C, a male child, was seen at the age of 6 months because of regurgitation 
of feedings He was found to have a sliding hernia with esophagitis and some stenosis 
Two attempts were made to reduce the hernia in tho hope that tho stenosis and ulceration 
would heal, but both were unsuccessful During tho following four jears, the patient re 
qmred esophagoscopic dilatation six times 

Operation (G H W ) was performed on Oct 25, 1955, ns already described The 
intestine was reunited b) side to side anastomosis This bo} developed purulent sputum 
with some pulmonarj collapse and a draining sinus in the chest wall, but a barium swallow, 
five months afterward, showed that all the anastomoses were worl ing well He was tal mg 
a normal diet but Ins general development was still delav cd bv the chest infection 

Case 10—B J, a man aged 31 jears, had complained of d}sphagia for fifteen jenrs 
with notable deterioration in the four months previous to being seen Badiographj and 
esophagoscopj demonstrated a short, narrow peptic stricture, S cm above the diaphragm, 
and a sliding hiatal hernia 

Operation (G H W) was performed on kov 22, 1955 Tho steps were as described, 
the pyloromyotomj being done on tho posterior surface Becoverv and convalescence were 
uneventful and during the short time since operation the patient has been eating normal 
meals without discomfort and has been gaming weight 

Case 11—F H, a boy of 16 }ears, had been under observation for vomiting and d>s 
phagia since the age of 1% >ears, and had had esophagoscopic dilatations six times with 
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at the level of the projected gastric stoma. Intestinal continuity was restored by end-to-end 
anastomosis, and a gastrostomy performed. Pyloromyotomy was not done. Three days after 
operation the patient became distressed, and malodorous heavily bile-stained fluid was aspirated 
from his stomach. Radiographs showed a high fluid level in the stomach and another in 
the duodenum. The anterior end of the incision was opened and obstruction was found 
to be caused by acute kinking at the entero-anastomosis. Side-to-side anastomosis was 
made just below the kink and the spur of the kink divided. After this second operation, 
the patient was collapsed and dyspneic and was found to have a tension pneumothorax 
on the left side. This was aspirated and recovery thereafter was without incident. 

For some short time he was rather afraid of taking solid food but he soon overcame 
this, and as his confidence increased he started to eat "all that was put before him” with¬ 
out discomfort. Strength and appetite improved rapidly until he had to diet against put¬ 
ting on too much weight. One of the most notable benefits of operation was the patient's 
ability to dine with friends. This altered his whole outlook on life. 

Case 5.—E. B., a woman aged 47 years, was tire only patient in this series for whom 
esophagojejunogastrostomy was done after the excision of a malignant lesion. The patient 
gave a long history of epigastric discomfort and belching for which sho had taken 
alkalies. For six months she had had dj'spliagia and for a few weeks almost complete 
obstruction to solid food. She had lost 14 pounds weight. There were no abnormal physical 
signs. Radiography showed a stricture at the junction of the middle and lower thirds of the 
esophagus, and the top of this was seen, by esophagoscopy, to be at 32 cm. It was a 
squamous-cell carcinoma. 

Operation (P. R. A.) was performed on Nov. 17, 1953. Some modification of the steps 
already described were adopted. A Roux loop was made long enough to reach the superior 
mediastinum. Instead of division of the vasa brevia, the upper part of the stomach down to 
the lower pole of the spleen on the greater curvature and halfway along the lesser curva¬ 
ture was removed with the spleen, body of the pancreas, and retroperitoneal tissues; the 
splenic and left gastric vessels being divided at their origin. This block of tissue with 
the fascia of the diaphragm was drawn up into the mediastinum and the esophagus dis¬ 
sected free, with its surrounding mediastinal tissue up to the aortic arch. Through the 
same skin and muscle incision, a further thoracotomy was made through the fifth space: 
two pairs of aortic intercostal arteries were divided and the arch of the aorta dissected free 
from the esophagus. The spleen was removed from the cardia so that the latter could be 
drawn up from beneath the arch of the aorta into the superior mediastinum and delivered 
from there into the pleural cavity. The Roux loop was threaded up through a hole in the 
transverse mesocolon, through the hiatus, beneath the aortic arch, and out into the left 
pleural cavity where it was stitched to the esophagus. The esophagus below, with the growth 
and the cardia, was removed and the esophagojejunostomy completed. The rest of the 
operation followed the lines laid down, eight arteriae rectae being divided, and the jejunal 
continuity restored by end-to-end anastomosis below the transverse mesocolon. 

When assessed nineteen months later, the patient was eating four meals a day, had 
a good appetite, was maintaining her body weight and was free from symptoms. Dr. 
Johnstone reported: "barium swallow shows a satisfactory anastomosis at the level of the 
aortic arch. A little kinking of the jejunum is noted in its thoracic course but peristalsis 
is vigorous and effective. Barium passes through the hiatus and after a short course enters 
the stomach through a posterior stoma. Peristalsis of the stomach is only moderate." 

Case 6 .—R. D., a boy who had vomited since birth, was first seen in the hospital at the 
age of 5 months. He was found at radiography and esophagoscopy to have an esophageal 
stenosis and sliding hiatal hernia. The stricture was dilated through the esophagoscope 
fifteen times during the next ten years. On frequent occasions, radiography demonstrated 
a large stomach with poor and ineffective peristalsis and pylorospasm, but at other times 
the stomach appeared normal. 
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as nearly equal as is possible to the length of the mesentery supplying it with 
blood vessels (Fig. 4, A and IS). This is not always feasible, and in such case 
much can be done to improve a curled loop if the steps previously recommended 
are adopted (Allison, P. It. and Da Silva, h. T., 1953). If the hiatus is small 
it should be enlarged, but if the loop docs not pass through it without kinking, 



Fig. 4.-— A, A Rood Roux loop lying straight in tlie mediastinum After division of the 
\ascular radicals the mesentery was as long as the gut 

23, A less favorable Roux loop An arcade was deficient at one point so that vessels 
had to be divided far back toward the abdominal wall This left a curve that could not 
be straightened. 


it should he closed and a new hole made to suit the position of the intestine, 
for a sagging loop in the pleural cavity may cause stagnation or even ob¬ 
struction; the jejunum, should be bevelled to meet the back wall of the 
stomach without kinking; the lesser sac should be closed by stitching the 
stomach back to the diaphragm to prevent intraperitoneal herniation, that part ■■}' 
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He had a short peptic stenosis with a large sliding 


Operation (G. H. W.) was performed on Feb. 23, 1956. This was as described except 
that no pyloromyotomy was performed and intestinal continuity was achieved by end-to- 
end anastomosis. This junction became kinked and obstructed in the postoperative period 
and had to be converted into a large side-to-side anastomosis after which recovery was 
uneventful. A barium meal, one month after operation, showed uninterrupted progress of 
the medium through all segments of the gut and the patient is now eating well and is free 
from symptoms. 


DISCUSSION 


Large esophageal defects created partly by disease and partly by surgical 
excision can be bridged by a length of jejunum, after a plastic operation on 
the mesentery according to the method of Roux, whose original idea of con¬ 
necting the lower end of the loop to the stomach is applicable to reconstruction 
within the mediastinum, and would appear a priori to be the method least 
open to objection on metabolic grounds. The metabolism of the patients 
treated so far can be estimated by their appetite, their weight, their feeling 
of well-being and, in children, their development. On these criteria, the 
operation has fully justified itself and is superior to any other known method 
of reconstruction. Only by trial and waiting will it be learned whether 
gastrojejunal ulceration will prove to be an important complication. Although 
this did occur when the loop was used subcutaneously and was the reason 
why many surgeons abandoned the operation, the same will not necessarily 
occur when the mediastinal route is used, for here the point of entry of the 
jejunum into the stomach is at the top, in the region of the fundus, where the 
drainage is of mucus, and downward, rather than of acid pepsin, upward. 
The subcutaneous operation involves a loop of jejunum passing upward into 
the most dependent part of the stomach so that the jejunal mucosa must be 
constantly bathed by digestive juice. The occurrence of peptic digestion of 
the esophagus where this enters the top of the stomach in hiatal hernia is 
not comparable with the jejunum’s entering the fundus of the stomach, for 
ulceration in the former circumstance is dependent upon the differential 
pressures in chest and abdomen which aspirate the juices into the esophagus, 
whereas in the operation of esopkagojejunogastrostomy, the lower 10 to 15 
cm. of the jejunum and its junction with the stomacli are all under the same 
pressure in the abdomen. The loop is passed over the back of the fundus 
so that, as the stomach distends, it compresses the loop and prevents reflux. 
If the loop were to be brought straight through the hiatus and into the nearest 
part of the stomach, the chances of reflux acid ulceration would be greatly 
increased. This "valve action” might well be a menace if it were to prevent 
vomiting but, as already reported, one of the patients has vomited success¬ 
fully. It would be interesting to know how he managed this. 

The main objection to the operation is the tediousness of the techniques 
and the consequent opportunities for mistakes. From the errors so far com¬ 
mitted, some advice can be tentatively offered; the Roux loop should be as 
straight as may be, which means that the length of the intestine should be 
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R liriAX of g.islne juice m the esophagus (,mscs tiouhlcsomc sjmploms 
Fspeeiallj aftci meals, the patients have a feeling of discomfoit in the 
epigastuum m behind the lowei pait of the stiinum They complain of heait- 
huin and occasional!}, soui gaslue content maj come up into the mouth 
In cams of pionounccd esophagitis, the patients ha\e a binning pain behind 
the sternum which is moic intense aftci nuals It is cliaiacteustie that the 
pains aie felt in ceitain positions, when the patients he flat on then backs 
oi when thcj hind ioiwaid, positions which facilitate iigingitation 

The mucous lining of the esophagus exhibits pathologic alteiations, fiom 
a slight liiflamm itoiy londition to ulccintions with filnosis and stiietmes 
These altuations aic most commonly located in the lowei pait of the esopha 
gus 

Hiatus lu 1111,1 is tlie most ficquent cause of lcflux of gastnc juice The 
enidmc end of the stomach slides up into the thoiaeic canty, and then the 
eaidia lies abote the diaphiagm with the lcsult that free loguigitation of 
gastnc juice oeems (Fig 1) 

In laic cases, theie maj he tjpicni legmgitation sjmploms and the same 
pathologic alteiations m the esophagus, although no hiatus henna can he dem 
onsti ated l adiologicallj 

In such cases theie is an incompetent eaidia It is helmed that the cause 
is due chiefly to an abnonnal coniunction of the esopliagus with the stomach, 
as showui m Fig 2 The nonnnl esophagogastnc angle is lieio stiaightcned out 
so that the esophagus empties into the stomach at its highest point Allison 1 
Ins shown that when the stomach and esophagus ate taken fiom a body and 
placed in normal i elation to each othci, watei which is pumped into the 
pyloius will stop when it leaches the eaidiac If the paits me placed in such 
a mannei that the esophagus empties into the top of the stomach, the eaidia 
will he insufficient 

In noimal dogs, the gastnc contents cannot bo emptied into the esophagus 
as long as they lie m noimal ielation to each otlici, but if the fundus is ic 
moved, i egui gitation will oceui 

Banet 2 demonstiated icguigitation m noimal individuals when he de 
pressed the fundus dunng opeiation, and it is believed that it is depiession of 
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of the loop below the gastric anastomosis may need to be trimmed to bring it 
down to lie snugly on the patients’ right side of the duodenojejunal flexure; 
this part of the loop should be joined by a large side-to-side anastomosis to 
those few inches of jejunum stilL in continuity with the duodenum, for an 
end-to-end junction is too liable to become obstructed by slight rotation, kink¬ 
ing, or adhesion formation; the patency of this junction is vital for the other 
anastomoses. Pyloromyotomy is advised so that the weak peristaltic waves 
of the stomach are not obstructed by a pylorus in spasm from vagotomy. A 
temporary gastrostomy is of great value for letting out the quantities of air 
that the patient swallows. The gastrostomy tube should be left in for at least 
ten days until a safe track of granulations has formed, but if the stomach is 
emptying freely and aerophagy has ceased it may remain plugged for the 
last five days before removal. If for any reason the abdomen has to be re¬ 
opened soon after operation, great care is needed to avoid inhalation of in¬ 
testinal contents; a radiograph of the chest should be taken before the pa¬ 
tient returns to the ward, for air entering the abdomen may be aspirated into 
the pleura during operation, or forced up when the abdomen is closed, and so 
cause severe respiratory embarrassment. 


SUMMARY 

1. Esophageal replacement by an isolated loop of jejunum in the medi¬ 
astinum is described. 

2. The technique of esophagojejunogastrostomy and its metabolic ad¬ 
vantages are discussed. It is considered to be particularly applicable to the 
treatment of esophageal stenosis in children and in women, who do not 
tolerate exclusion of the stomach as well as men do. Where the more compli¬ 
cated operation is not contraindicated, however, it may become the routine 
operation for all patients with long, benign stenoses. 

3. Combined with adequate lymphatic dissection, the operation may be 
applicable to patients who have carcinoma of the esophagus not involving the 
stomach. 

4. Brief ease histories arc given of 11 patients treated in this way, with 
one death. There were many complications due to technical faults, and these 
are described. After the complications had been overcome, the health of the 
10 living patients remains excellent. 
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the diaphragm with the fundus, which facilitates vomiting in human beings 
with normal cardia function. 

At the Surgical Dept. A. Rikshospitalet, a case of cardia incompetence 
has been treated. 



CASE REPORT 

Case history: The patient was a 47-year-old man who had had gnawing pains behind 
the lower part of the sternum, radiating down into the stomach for twenty years, and he 
had also suffered from regurgitation. lie had three times -previously, in 1935, 1947, and 
1953, been taken into hospital for observation for those symptoms, but examination in¬ 
cluding x-ray of the stomach revealed no explanation. In addition to these symptoms, 
he had had difficulty in swallowing during the past few years and had the feeling that 
food stopped behind the lower part of tiie sternum. He was admitted to the department 
under the diagnosis of tumor of the esophagus, as x-ray examination had revealed an ir¬ 
regular contour in the lower part of the esophagus. 

Present condition: He was in good general health. General examination revoalcd 
nothing pathologic. Blood was normal. Feces, benzidine five seconds. The Ewald test demon¬ 
strated acidity to be 15/40. X-ray of esophagus, stomach, and duodenum showed an ir¬ 
regular contour in the lower part of the esophagus with a small niche, but no tumor in¬ 
filtration. There was marked regurgitation of the stomach contents. The stomach had an 
atypical position, lying horizontally, with the greater part of it in the right side of the 
abdomen. The junction of the esophagus with the stomach was pathologic, as shown in 
Figs. 2 and 3. The radiologists’ conclusion was esophagitis and insufficiency of the cardia. 

JSsophagoscopy revealed an inflamed thick mucous membrane in the lower part of 
the esophagus and severe regurgitation, hut no signs of ulceration. 
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An operation was performed through a thornco abdominal incision. The hiatus was 
normal. The junction of the esophagus with tho stomach in ns found to bo a right angle, 
anteriorly. Tho fundus was then sutured upward laterally and to tho left of the esophagus 
It was fastened to tho loft dome of the diaphragm and farther, with interrupted sutures, 
downward along the esophagus (Tig. 4). 

There were no po«toperati\c complications. Control examination six months after 
the operation found tho patient free of symptoms. lie was completely satisfied with tho 
result of tho operation X-ray of tho esophagus, stomach, and duodenum now' shows a 
normal relation between the esophagus and stomach (Fig 3) and there is no regurgitation 
Esoplmgoscopy revealed a slight esophagitis, considerably less than at tho postoperative 
examination, also without regurgitation. 

DISCUSSION 

I have found no reports in the literatim 1 of similar cases in which an op¬ 
eration has been performed. But Barict 2 mentions that Lort at-Jacob has 
performed several operations on similar cases with good result 

AYc believe that this condition, an incompetent cardia without hiatus 
hernia, occurs hut tarely. This condition is not always diagnosed. It scorns 
that these patients can lie cured by a minor operation 

SUMMARY 

A ease of eaidiac insufficiency without hiatus henna was treated surgically 
by a plastic opeiation with a good result. 
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in Table I. Twenty-seven patients had an open cavity in the contralateral 
lung. In more than one-half of the material, 54.5 per cent (164 cases), it was 
necessary to do an extrapleural resection or a decortication. 


Old age is not in itself a contraindication to the removal of a lobe with 
cavitary tuberculosis. Due to emphysema and fibrosis of the remaining lung, 
it will often be found necessary to add an osteoplastic thoracoplasty at the 
same operation. There were 5 patients in this material operated upon at an 
age above GO years. In all 5 eases, a lobectomy with simultaneous osteoplastic 
thoracoplasty was carried out. Pour patients withstood the procedure very 
well. The fifth patient, a 64-year-old man died from circulatory insufficiency 
two days after the operation. 




LOBECTOMY FOR PULMONARY TUBERCULOSIS 

An Analysis of 301 Cases 

Viking Olov Bjork, M.D. 

Stockholm, Sweden 

L OBECTOMY for pulmonary tuberculosis was already introduced in 1945 
j by Overholt and Chamberlain. The results have improved due to the 
antimicrobial therapy. The aim of this paper is to report a group of 301 
cases. One-half of this group has been followed for one to five years. The 
immediate and late results are given with special reference to the lung func¬ 
tion after lobectomies with different space-diminishing procedures. 


MATERIAL 

In this group, even patients with a very bad pulmonary function have 
been accepted. Of the 301 patients, 10 are dead and 163 have been followed. 
Ninety-one patients were excluded as the observation time was less than one 
year. Twenty-three patients have refused follow-up tests mainly because 
they did not like to have another bronchospirometry. Fourteen patients have 
not been traced. 

Only patients with lobectomies are included, except in 39 cases of the 301 
in which a wedge resection was added to the lobectomy. All patients with 
segmental resections are reported later. 

Nearly one-half of the patients, i.e., 48.5 per cent, had bilateral pulmonary 
tuberculosis. The extent of the tuberculosis in the contralateral lung is shown 


Table I. The Condition of the Contralateral Lung at the Time of Operation 


CONDITION OF THE C ONTRALATERAL LUNG _ 

Normal 
Old pleurisy 
Small infiltration 

Infiltration earlier treated by pneumothorax 
Infiltration being treated by pneumothorax 

Cavity “closed” by conservative treatment including chemotherapy 
Cavity “closed’’ by pneumothorax 
Cavity “closed” by thoracoplasty 
Open cavity 

Open cavity under pneumothorax 
Open cavity under thoracoplasty 

Pneumo nectomy _____ 

Total __ 


number of 

CASES 

155 

5 

69 

19 

6 
5 

10 

4 

17 

7 

3 

1 

301 


From Sabbatsberg Hospital; Surgeon in Chief: C. Crafoord, :Professor. St Gora 

Hospital; Physician in Chief: A. Westergren, M.D., Professor, and Soderby Hospital, P >y 
in Chief; T. Bruce, M.D., Docent. ^ _ . , . 
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C. Secondary Infected Congenital Cyst. —Ono patient was followed with 
the diagnosis of congenital cyst from 8 years of age when a Mantoux test was 
negative. Later he developed a tuberculous infection in the congenital cyst 
aud, at the age of 22, a resection of the right lower and middle lobes was per¬ 
formed. 

PltEOPEItATlVn INVESTIGATION OI 1 LUNG TUNCTION 

The most important information of the lung function was obtained by a 
study of all x-ray films from the beginning of the disease. The maximal move¬ 
ments of each diaphragm are also recorded. 

1. The Maximal Itreuthing Capacity (MBC). —The lowest preoperative 
value for MBC was 20 L. per minute in a 31-year-old woman who had had 
bilateral pneumothorax treatment. Before the operation she had had a long 
period of breathing exercise training and increased the MBC to 32 Ij. per min¬ 
ute. After resection of tho right upper and middle lobes under an old 3-rib 
thoracoplasty the patient awoke but failed to get strength enough to take 
over adequate spontaneous ventilation and died. This happened before we 
introduced the prolonged postoperative artificial ventilation. The lowest pre- 
operativo value for a surviving patient was 20 L. per minute in a 50-year-old 
woman who had a resection of the right upper lobe and a wedge resection 
of the lower lobe under an old 5-rib thoracoplasty. This patient is still doing 
full time office work five yeans after operation. The MBC was below 69 L. 
per minute in 50 per cent of the women and below 49 L. in 14 women. 

In 50 per cent of the men, the MBC was below 100 L. per minute and 9 
cases had an MBC of less than 49 L. per minute. The lowest preoperative MBC 
in a man was 28 L. per minute. This patient was 33 years old and had had 
a left 7-rib thoracoplasty and then a right upper lobectomy under a 3-rib 
thoracoplasty. He survived the operation with spontaneous ventilation and, 
two years later, is working full time as an engineer and his MBC is still 28 L. 
per minute. 

2. The Vital Capacity. —The lowest preoperative value for vital capacity 
was 0,84 L. in a 42-year-old woman with a left-sided 8-rib thoracoplasty fif¬ 
teen years old. Eighty-nine per cent of the total oxygen uptake came on the 
right side where the upper and middle lobes and a wedge of the lower lobe 
were resected and an osteoplastic thoracoplasty performed at the same time. 
The patient withstood the operation well with the aid of prolonged artificial 
ventilation but died fourteen months later from cor pulmonale. 

3. Bronchospiromctry. —One of the most valuable preoperative investiga¬ 
tions was bronckospirometry. Due to the instrument designed by Carlens, it 
has been possible to obtain a number of postoperative determinations and 
these findings are reported under “Results.” 

4. The Residual Capacity. —The residual capacity was investigated in 153 
cases. It was found to be below 35 per cent of the total capacity in 130 cases, 
between 35 and 40 per cent in 16 cases, between 40 and 45 per cent in 5 cases, 
and more than 45 per cent in 2 cases. 

5. The Pulmonary Artery Pressure. —The pressure in the pulmonary afferv 
was only recorded in 15 cases and, in most of these patients, during cp 
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Table 11. Age and Sex T>istribvtion in 301 Patients Undergoing Lobectomy for 

Pulmonary Tuberculosis 


AGE | 

MEN 

l WOMEN | 

TOTAL 

10-19 

3 

4 

7 

20-29 

37 

35 

72 

30-39 

01 

60 

121 

40-49 

46 

26 

72 

50-39 

19 

5 

24 

00-69 

4 

1 

5 

Totals 

170 

131 

301 


INDICATIONS FOR LOBECTOMY 


1. Tuberculous Cavitation .—The most common indication for the lobec¬ 
tomy has been cavitary tuberculosis in 85 per cent, or 255 cases. The right 
upper lobe was the most common localization, i.e., 59 per cent compared to 26 
per cent left upper lobectomies for cavitation. This very high incidence of 
right upper lobectomies will lie explained by the fact that on the left side a 
segmental resection of the apicoposterior and eventually also the anterior 
segments is very often carried out for cavitary tuberculosis. Although I have 
always tried to leave the anterior segment of the right upper lobe when it 
contained no palpable tuberculosis there was actually a high frequency of 


lobectomies. 

In comparatively few cases, a lower lobe cavity was the indication foi a 
resection, i.e., 28 cases, or 11 per cent, on the right side, and 11 cases, or 4 
per cent, on the left side. 

There was no case .of isolated cavitary tuberculosis in the middle lobe. 
However, in 22 cases, or 8 per cent, the middle lobe was resected for cavitary 
tuberculosis, in 14 cases, or 5 per cent, in combination with the upper lobe, 
and in 8 cases, or 3 per cent, in combination with the lower lobe. 

2. Bronchial Stenosis .—Bronchial stenosis was the indication for resection 
in 26 patients, i.e., 9 per cent of the material. This stenosis was localized to 
the right main bronchus in 2 cases, to the left main bronchus in 3 cases and 
in all 5 patients the upper lobe bronchus was also stenosed. The lobar bron¬ 
chus alone was involved in the right upper lobe in 11 cases, m the right middle 
lobe in 2 cases, the right middle and lower lobes in 4 cases, left upper lobe in 
one case, and in the left lower lobe in 3 cases. 

3 Bronchiectasis .—Bronchiectasis with positive sputum was the indication 
for resection in 6 patients, or 2 per cent (2 right upper, 1 left upper, and d 
in the right middle and lower lobes). All these patients had had bionc ia c 
ease and showed some narrowing or deformation of the lobar bronchus. . 

4 Tuberculous Pneumonia.— Tuberculous pneumonia was the indication 
for resection in 6 cases, or 2 per cent. The right upper lobe was involved 11 
4 eases, the right lower lobe in one case, and the left upper iobe m on 

^ 5. Tuberculous Empyema With Bronchial Fistula.-In 7 cases a tubercu¬ 
lous empyema with bronchial fistula was the indication for resection, two 
of these fistulas were caused by an extrapleural plomb of plastic materia 

(Polystan). 
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gi own-up patients I hate theiefoic latolj mobilised the diaphragm mound 
its peiiplieij and lcsutinecl it to the hftli inteicostal muscle Thiee such 
cases nio included m this mateml 

The lobectomy was pet fount <1 nuclei an old tlioiacoplastj of 7 nbs ill 39 
cases, of a nbs m 2C cases, and of 10 nbs m one case This thoi acoplasty had 
been perfonned one to foititecn jcais bcfoic the leSection 

In 3 oases a piclinunaij plomb had caused pcifoiation into a tubciculous 
canty with empjema The plomb was icmoecd m one piece with the chest 
wall and the lobe The ehest wall was lescetcd togethei with an empjema 
and a lobe aftei an cxtiaplcuial pneumothorax in one case 

THE OPERATIVE MORTALITY WAS 2 3% 


1 died In pulmonary edema 
Immediately post op 


2 died In ventilatory Insufficiency 
S hours and C days reap post op 


l died In circulatory Insufficiency 
2 days post op 


I died alter aspiration pneunoma 
2 days post op 


2 died from tuberculous infecllon 
wlh bronchial fistula SO days and 
6 months post op 


2 died In cor pulmonale 14 and 16 
months nesp post op 


l died In bleeding ulcer 11 months 
post op 


Pit 2 —The operatise mortality was 2 3 pei cent or 7 cases There were 3 late deaths 


Operative 

mortality 


Late deathsH 


RESUITS 

Dead —Altogether 10 patients are dead 

The opciativc moilahty was 2 3 percent (7 cases) 

One 40 jeai old woman had a light uppei lobectomy undei an old 5 nb 
tlioi acoplast.j When the w ound w as closed and immediately after injection 
of Piostigmm she suddenly developed pulmonaiy edema Clear fluid poured--*-, 
out iioin. both lungs in such an amount that it could not he effectnelj cm’ ’ 
awaj through the openings of a Cailen’s double i cathetoj-sjAs I ’ 
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Lhe highest value was 35 mm. Hg mean pressure in a 50-year-old woman. She 
is, five years after operation, doing office work full lime. On the other hand, 
the mean pressure in the pulmonary artery during operation in a 42-year-old 
woman was only 23 mm. Hg and yet she died from cor pulmonale fourteen 
months afterward. From this limited experience, it seems difficult to make 
any long time prognosis based on the pulmonary artery pressure. The lowest 
value was 7 mm. Hg mean pressure in a patient with a pulmonary valvular 
stenosis, where the right ventricular pressure was 171/4 mm. Hg. Pulmonary 
resection and a valvulotomy through the pulmonary artery was successfully 
performed and the right ventricular pressure returned to 24/3 mm. Hg and 
the pulmonary artery pressure rose to 17/6 mm. Hg (mean pressure 12 mm. Hg). 


METHOD OF TREATMENT 

In only 18 cases (6 per cent) was the lobectomy performed without a 
space-diminishing procedure. In only 2 patients in which a thoracoplasty was 
omitted at the time of resection was it necessary to add it after 11 days and 
5 months later, respectively, to obliterate a remaining space. 

When the decision was made to add a space-diminishing procedure to 
the resection, the quantity of the resected lung as well as the quality of the 
remaining lung parenchyma had to be considered. I have usually added a 
space-diminishing procedure under the following circumstances: (1) when 
more than one lobe is resected, (2) palpable tuberculosis in the remaining 
lung, (3) contralateral disease, (4) after resection of a tuberculous empyema, 

(5) after an accidental opening of a tuberculous cavity or an empyema, and 

(6) when the remaining lung is emphysematous and fibrotic and does not fill 
the space. 

A one-stage procedure is ahva3 7 s to be preferred. In the beginning, a 
preliminary 3-rib (33 eases, i.e., 11 per cent), or a 5-rib thoracoplasty (14 cases, 
i.e., 5 per cent) was performed and after a few months up to a year later the 
resection was performed with additional rib resection if considered necessary. 

Later a one-stage operation has always been used. First, an extrapleural 
Polystan plombage was used in 10 cases, then a tailoring thoracoplasty with 
resection of posterior parts of ribs 2 to 5, 6, or 7 was performed. 

To avoid the immediate danger of paradoxical movements of the chest 
wall with carbon dioxide retention and the late hazards of infection in a for¬ 
eign body, I designed an osteoplastic thoracoplasty with fixation of the pos¬ 
terior parts of the ribs by nylon sutures through drill holes. The first rib is 
usually left behind. The second rib is incised close to the sternum and placed 
as close as possible to the mediastinum, its posterior end being fixed to the 
costovertebral ligaments by a thread behind the posterior tip of the intact 
sixth rib. Then a row of five to ten isolated sutures will approximate the first 
intercostal muscle bundle (attached to the second rib) to the mediastinal 
pleura. The addition of an osteoplastic thoracoplasty to a lobectomy has 
been performed in 149 cases hr this material. 

Although the cosmetic result has been very good, with the main deformity 
in the axilla, and the arm movements practically unimpaired, I like to avoid 
thoracoplasties in young growing individuals and when possible even in the 
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eoutse In 2 other cases of segmental resection where a hemothorax compli 
catecl the postopci.itivc couise, le opeiation was theicfoie peifoimed aftei 
twelve and thirty six houis, lespcetivcly, and then the lecovorj was unevent 
ful I will tlieiefore continue to re opeiato on patients with a postoperative 
heniothoiax as e.ulv as possible to avoid the development of an infected hema 
tnmn and a hionchial fistula 

Infection• In one case, an cxtiapleui.il Poljstan plomb had been mtio 
duced aftei a light uppei lobeetoinj It became infected and caused a bion- 
clual fistula necessitating cxtupation of the plomb and the chest wall coire- 
spondmg to the uppei 8 ribs in two stages bcfoie healing occuiied 

A tubeiculous cavitv was opened on foui occasions and lesulted m a tu 
beiculous empvcma with piolonged dianinge ticatment needed in 2 cases 

RESULT 


15% -1 

*10" entn* 


85% i 
"CVHED" 


5% pcsnrre dirfot sic/lr 
10/. 1UQATITC DIRS.T SlEAR 


Fin 3—Eighty fl\e per cent w ere considered cured Only 5 per cent were positive on direct 

smear 


Sutui o gianulomas in the bionehus wcie found in 14 5 per cent of the cases 
when stainless steel 01 silk sutures were used, and had to be removed through 
the bronchoscope befoie I switched ovei to 30 day chromic catgut (Ethicon) 
"Gmed Patients” — 

As the aim of the sui gical tieatmcnt of pulmonaiy tubeiculosis is to make 
the patient fiee fiom tubeiculous bacilli m the sputum the following criteria 
of a “cuie” vveie chosen (1) negative guinea pig test on gastnc washing 
and sputum negative cultuie of sputum, and negative direct smeai on three 
conseeutiv e days, and (2) no activ e disease found on x ray examination All 
these cuteiia vveie fulfilled m 125 of the “cuied” patients 

In the lemanung 14 cases it was not possible to obtain sputum and there 
fore onlj the gastnc washing test was peifoimed and found negative Alto 
gethei a “cuie” was obtained m 139 cases of 163 followed up, le, 85 per 
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never had such an experience before, I did not remove the Carlen’s tube and 
introduce a bronchoscope for a more effective aspiration, which might have 
saved the patient. As a consequence, I now do not use the Carlen’s double 
lumen catheter for anesthesia except in a few very wet cases, but have adopted 
the Ovei’holt prone position for most patients. 

Two patients died from ventilatory insufficiency five hours and eight days 
after the operations, respectively. Both patients had had bilateral pneumo¬ 
thorax earlier and were opei*ated upon before we introduced the prolonged 
postoperative artificial ventilation. 

One 64-year-old man died two days after operation from circulatory 
insufficiency. 

One 34-year-old woman had had a left pneumonectomy three months ear¬ 
lier. At a second operation, a right upper lobectomy was performed as well 
as an osteoplastic thoracoplasty. She was in good condition for two days when 
she vomited, developed aspiration pneumonia, and died. She, too, was oper¬ 
ated on before the introduction of prolonged artificial ventilation. With this 
treatment, an aspiration is prevented due to the cuffed tracheal cannula. 

Two patients, both having tuberculous empyema before operation, died 
from the tuberculous infection opening the bronchus, one within eighty days, 
the other six months after operation. There were three late deaths. Two pa¬ 
tients died fourteen and sixteen months, respectively, after operation from 
cor pulmonale. The third patient died eleven months after operation from 
a bleeding ulcer. 

Other Complicatio7is .— 

Spillover was encountered in 2 cases. In one of these, there was a con¬ 
tralateral pneumothorax and a tracheostomy had to he performed. Patients 
with a pneumothorax on the contralateral side or with fixation of the dia¬ 
phragm due to an old pneumothorax usually have difficulty in producing an 
effective cough and therefore a tracheostomy has to be added for aspiration 
of secretions and for diminishing the dead space as the x’espiratory work is 
greatly increased in these cases. 

Ventilatory insufficiency was the reason for a tracheostomy in 3 cases, and 
the addition of postoperative prolonged artificial ventilation in 5 cases. 

A residual space necessitated the insertion of a drainage tube in 4 patients 
and an additional thoracoplasty eleven days later in one case, and five months 
after operation in another case. 

Hemorrhage: A severe postoperative hemothorax was encountered in 4 
cases. The hematoma was not evacuated in 2 patients resulting in infection 
which necessitated an extrapleural pneumonectomy in one case and resection 
of the middle lobe and the chest wall in another case. The hematoma was 
evacuated after seventeen days in one ease, but first a staphylococcus then a 
fungus infection necessitated a 3-month period of drainage with local chemo¬ 
therapy. 

In the fourth case, the hematoma was evacuated within twenty-four hours 
after operation and this patient then had an uncomplicated postoperative 
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opeiated sulo stiaight up m the an (180 dcgiccs) One patient could bung tins 
aim to 173 digues, 8 paliuits to 17(1 deguts (1 patients to ]05 ilegiees, one 
patient to 1(>0 ilogieis, 3 patients to 170 dcgieis, 1 patients to 140 degices, 
ono patient to 130 degieis, and one patient to 90 degiees 

Although 'bis gump includes 3 patients with chest wall evliipation in 
one block with infected plomlics who could only hung up the aim on the 
opeiated side to 1G0, 130, and 90 dcgu.cs, lcspcctivelj, time weie mail} moie 
patients with imp.med aim mm eluents than m the gump with osteoplastic 
thoiacoplasty This diffcicwe is statistical!} siginlieant (0 01>P>0 001) 

OSTE0PLAS11C THORACOPLASTY 

THORACOPLASTY WITH RIB RESECTION 



rig r —There was n con*l Krrbly bcttei cosmetic nnl functional result regard ng the 
arm movements in the patients lining an addition tl osteoplastic tlior icoplasty as compared 
to patient* having thoracoplastj with rih resection This difference is significant 

One explanation of the liettei function'd icsult when an osteoplastic thoiaeo 
plasty was added to the lesectiou is that this was a one stage pioceduie, while, 
in the otlici gioup, thoiacoplasty with rib lesection, at otten two and some 
time seieral stages, was peifoimcd Natmally a dvusion of the pcriseapulai 
muscles seieial times will gae a bad functional lesult 

Pam Curing the hist months aftel an osteoplastic thoiacoplasty, seveial 
patients espeueiieed some pam oil the opeiated side, sometimes ladiatmg out 
into the arm Tlieie was also a loss of sensitivity because the uppei 5 intei 
costal neives aie divided Leaving the fiist rib has, m one patient, caused radiat 
mg pam in the arm, necessitating the icmoial of the rib After one yeai, 80 
pei cent of the patients with osteoplastic thoiacoplasty weie completely free 
fiom pain The icmaimng 10 patients complained about the following dis 
comfoi t 
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cent. A negative direct smear was found in 17 of the 24 patients considered 
not cured, making a total of 156 eases, i.e., 96 per cent with a negative 
direct smear. 

Two of the "cured” patients had had some reactivation shortly after the 
operation but reacted promptly to antimicrobial therapy. 

Working capacity: Of the "cured” 139 patients, 110, or 79 per cent, were 
working full time one year after operation. Twenty-six different professions 
were represented. Housework and office work were most frequently found, 
although some patients performed more heavy work. Twelve patients per¬ 
formed a one-half day’s work and 17 did not work at all. Of these nonwork¬ 
ing patients. 2 had been in sanatoriums for eight and thirteen years, respec¬ 
tively. and had never performed any work. One patient was not allowed to 

working capacity 


79V. working full lime 


9'A working 'hall dav" 

12V. not working 
Fig. 4.—The working capacity. 

take up work by her mother. Five patients had done heavy work before sur¬ 
gery and could not resume the same work. 

The arm movements: The postoperative arm movements were recorded and 
compared in 2 groups of patients having had thoracoplasties. 

1. In 50 cases with an osteoplastic thoracoplasty, 47 cases, or 94 per cent, 
had perfect arm movements. In 3 eases, there was a deficient ability to bring 
the arm on the operated side straight up in the air (i.e., 180 degrees). Two 
patients could bring the arm to 175 degrees and one patient having had a tu¬ 
berculous empyema in the apieolysis space could only bring the arm to 160 
degrees. 

2. In 93 patients having had conventional thoracoplasties with nb resec¬ 
tions. the arm movements were normal in 70 eases, i.e., 75 per cent. TventT- 
three cases, or 25 per cent, had a deficient ability to bring the arm on the 
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Cough: Seicnt) pei cent of the patients dul not linic am cough The 
lemammg 30 pci cent experienced some nutating cough 01 had some c\pec 
toiation m the morning Patients with an nutating cough weie bioncho 
scoped and, in 17 cases 01 35 pci cent of these patients, sutuies ueie rcmoied 
fiom the bionehial tioe f>tieml pitients had coughed up sutuies But silh 
or stainless steel sutuies ueie lemosed fiom the lironeluat stump as long as 
font jeais aftei opeiation Some ol these patients weic positne to guinea pig 

RESULT 



1 ip 7 — \s nnn> ns 70 per cent of the pntients had cough at the follow up Only 10 per 
cint complained of shortness of breath 

test, hut turned negati'c aftei lemosnl of sutuies and sntuie giamilomas eon 
taming tubcieulous tissue X liase thcicfoic adopted the use of 30 day chromic 
catgut on Atiaumatic needles (Etlnoon) foi liionchial elosuic and hioneho 
tiaehcal anastomosis 

Dyspnea Ninety pei cent of the patients did not feel shoit of bienth 
The lemaimng 10 per cent complained of djspne.a In the patients v, ith a 
subjectne feeling of shortness of bicath, the maximal hieafhmg capacity 
vaued fiom 76 to 16 L pei minute foi the male and fiom 64 to 22 L pei min 
ute for the female patients 

Not “Cured” Patients — 

late reactivation Six patients with hilateial disease at the time of opera 
tion had reactivation, in both lungs, one to two yeais after resection in 4 
cases, and cautation in the lemaimng lung after operation in 2 cases File 
patients were readmitted for antimicrobial therapa, and one for a new resec 
tion 

Contralateral disease In 8 eases, the disease in the eontralaterablumr w' 

considered the ongm of the tnbeicnlous bacilli In 5 of these 
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Four patients had some pain radiating out into the arm. (The pain was 
not intensive enough to warrant the removal of the first rib.) Two patients 
complained of some pain under the scapula and in one of them a bursa was 
removed under the scapula. In 2 other cases, a bursa was found but disap¬ 
peared on repeated aspirations with injection of dihydrocortisone. 

One patient had pain in the side of the thoracoplasty when there was a 
change in the weather. One patient noticed some discomfort in the third 
costochondral junction and 2 patients had some pain when the scapula during 
maximal movements jumped over the sixth and seventh ribs, respectively. 

OSTEOPLASTIC THORACOPLASTY 

THORACOPLASTY WITH RIB RESECTION 



Fig. G.—The incidence of pain was slightly higher in the patients having an osteoplastic 
thoracoplasty. This difference is not significant. 

In the second group of patients with rib-resection thoracoplasties, 81 
cases, or 87 per cent, were free from pain. Eleven patients complained of some 
pain: 2, in the arm; 4, under the scapula; 3, when the scapula jumped over 
the intact seventh rib; and, in one case when scapula jumped over the intact 
sixth rib. One patient complained of pain over the lower costal margin. Fur¬ 
thermore, the scapula jumped over or could fasten under the seventh rib or 
some rib regeneration in 6 cases without causing the patient any pain. 

Somewhat more pain is therefore found postoperatively in the group with 
osteoplastic thoracoplasty although the difference is not great and is not 
statistically significant (P = 0.20). The cosmetic and functional result with 
the osteoplastic thoracoplasty, however, is far superior. The group with rib 
resection has been followed longer than the group having had an osteoplastic 
thoracoplasty. As the pain usually disappears with time, especially after the 
patient is fully occupied with his work, the five-year follow-up may be more 
favorable. 
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FUNCTIONAL RESULT 



Right lung Left lung 

I'ig 8—The functional result found by bronchospiromctiy at the followup The per 
cent age given indicates the percentage of oxygen uptake of the remaining lobe after lobec 
tomy in patients with a normal contralateral lung 
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a cavity in the contralateral upper lobe at the time of operation. Two of these 
5 patients have already had segmental resections for removal of the remaining 
cavitary disease and may come over in the group of “cured” patients at a 
later date. Two patients are going to be operated upon but the third has 
been postponed as he has no functional reserve. This is a 36-year-old man 
with only 28 L. per minute maximal breathing capacity. He has a residual 
cavity in the left upper lobe under a 7-rib thoracoplasty. After a right upper 
lobectomy and a 5-rib thoracoplasty, he had still 23 per cent of the total oxy- 
gen uptake and 32 per cent of the ventilation on the left lung. The decision to 
postpone an eventual left upper lobectomy was made before the introduction 
of the prolonged postoperative artificial ventilation. He had a marked dysp¬ 
nea walking on level ground but did full time work as a construction engineer. 

Two patients with significant apical infiltration have now been working 
full time for three and four years, respectively, and are negative on direct 
smear and on guinea pig test of the gastric washing, but the guinea pig test 
on sputum is positive. 

Patients positive to guinea pig test ivithout x-ray evidence of active disease: 
Eight patients had a positive guinea pig test but were negative on examination 
of the direct smear and the chest; x-ray was without evidence of active dis¬ 
ease. Only 3 of these patients had had bilateral disease. Five patients in 
this group were working full time, one could not work due to retinitis pigmen¬ 
tosa, one did one-half day ! s work as a clerk (a man with 38 L. per minute 
maximal breathing capacity). The last patient, a 52-yeai’-old man, had not 
yet started his heavy work as a blacksmith, one year after surgery. 

Two patients had had postoperative tuberculous empyema with tubercu¬ 
lous osteitis and fistulation. One had a revision thoracoplasty, the other seems 
to heal with local application of antimicrobial therapy. Both patients were 
negative on direct smear but had positive guinea pig tests. After removal of 
a suture granuloma in the bronchus, one of the 2 patients is now negative 
to guinea pig test of sputum as well as to gastric lavage. 

THE FUNCTIONAL RESULT 

In order to obtain some information about the functional result after lob¬ 
ectomies with and without different types of thoracoplasties, the oxygen up¬ 
take and ventilation on the operated side have been recorded by broncho- 
spirometry one year after operation in a group of patients without present or 
earlier contralateral pleural or pulmonary disease. The results are given in 
Table III. It is due to the work by Carlens, first, by the construction of the 
flexible double lumen catheter and, then, by his actual performance of the 
bronchospirometric investigation that it has been possible to obtain the pei- 
mission of a large number of patients to undergo this investigation a year after 
the operation. From Table III, it can be seen that after removal of the right 
upper lobe, around 38 per cent of the oxygen uptake remains, regardless of 
the type and extent of the thoracoplasty. The additional resection of the mid¬ 
dle lobe resulted in a loss of a further 12 per cent of the total oxygen uptake. 
Roughly, the same function, i.e., 26 per cent, remained after removal of upper 
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In the whole group of G8 patients with earlier contralateral disease ns 
man} - as 50, or 7-1 per cent, were negative to guinea pig test one year after the 
resection. Of the remaining 18, 4 now have already had a bilateral resection. 
It must therefore he concluded that the contralateral lung has withstood the 
resection very well, sec Table IV. 


Tam.f. IV. The Condition or the Conti'.ai.ati'.kai. Luno at thi: Time of Operation 

COIIUEI.ATED TO THE RESULT AT THE I'OU.OW-Uf 


CONDITION OF THE CONTRALATERAL LUNO ( 

“CURE” I 

RECURRENCE 

| TOTAL 

Normal 

86 

S 

94 

Old plcuritis 

1 


1 

Small infiltration 

28 

9 

37 

Infiltration treated by pneumothorax 

C 


G 

Cavity closed by conservative treatment 

3 

1 

4 

Cavity closed by pneumothorax 

12 


12 

Open cavity 

1 

8 

9 

Totals 

137 

2G 

1G3 


SUMMARY 

An analysis is made of 301 cases of lobectomies for tuberculosis. Although 
patients with ventilatory insufficiency were accepted for surgery, the operative 
mortality was only 2.3 per cent. Of the 1G3 patients followed up from one to 
5 years, it lias been gratifying to find 98 per cent with a negative direct smear 
and 85 per cent with a negative culture and guinea pig test to sputum and 
gastric washing. Seventy-nine per eont. were working full time. The inci¬ 
dence of impaired arm movements, pain, cough, and dyspnea are recorded. 
The osteoplastic thoracoplasty gave a much hotter cosmetic result and better 
arm movements as compared to a thoracoplasty with rib resection. There was, 
however, a higher incidence of postoperative pain, i.e., 20 per cent instead of 
13 per cent in the group who had rib resection. The late functional result has 
been very good after resection with a space-diminishing procedure. There was 
usually no significant decrease of the oxygen uptake or ventilation on the 
operated side after a resection although there was a significant decrease of 
the maximal breathing capacity. The contralateral side has withstood the 
resection very well. 
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and middle lobe as after the lower and middle lobe. On the left side, 32 per 
cent of the oxygen nptake remained after an upper lobectomy with an osteo¬ 
plastic thoracoplasty or the resection of the upper five ribs. A significant 
decrease of function was found when more ribs were resected. Removal of the 
left lower lobe with an osteoplastic roof thoracoplasty left 22 per cent of the 
total oxygen uptake on the left side. 

It must be noted in one case with phrenic crush and then a total collapse 
of the right lung for nine years, under a tuberculous empyema in a pneumo¬ 
thorax space, that after decortication and resection of the upper lobe and 5 
ribs, 33 per cent of the oxygen uptake and 46 per cent of the ventilation 
remained on the right side in spite of the fact that it had been collapsed for 
such a long time. 

A comparison of the oxygen uptake and ventilation of each side before 
and after a resection is only considered to be of secondary interest as (1) the 
resected lobe is more or less destroyed and without function, and (2) very 
often a decortication is added which will make the function better after the 
resection than it was before. 

In 34 eases, the function on the operated side was compared before and 
after lobectomy and the mean difference was for: 

tlie oxygen nptake -2.S% range + 22% to -23% 

tlie ventilation -0.1% range + 23% to -36% 

the vital capacity -2.6% range + 16% to -23% 

In the case with the greatest loss of function, i.e., 23 per cent of the oxy¬ 
gen uptake, the right upper lobe was resected in one block together with an 
infected plomb and the chest wall corresponding to the upper 7 ribs. The 
greatest improvement of function, i.e., 22 per cent of the oxygen uptake was 
recorded after a left upper lobectomy with decortication. A gain in oxygen 
uptake of 11 per cent of the total on the left side was obtained after the re¬ 
moval of a left upper lobe and a thrombus in the pulmonary artery obstruct¬ 
ing about 90 per cent of its lumen. 

When the maximal breathing capacity was compared before and after 
resection a significant decrease was found, i.e., 20 L. per minute in men (range 
+19 to -56) and 13 L. per minute in women (range +22 to -47). 

CONTRALATERAL, DISEASE 

There were 8 patients with a positive guinea pig test in the 94 who had a 
normal contralateral lung at the time of operation. Of these, 3 had disease 
on the operated side and in 4 patients, working full time, the source of the 
positive guinea pig test could not be detected. Only in one of these 94 patients 
was an infiltration found in the contralateral lung, which was normal at the 
time of operation. 

In a group of 37 patients having small infiltrations in the contralateral 
lung at the time of operation, 9, or 25 per cent, had a positive guinea pig test 
one year after operation. 

Nine patients had an open cavity on the contralateral side at the time of 
operation. In 4 patients the cavity remained open, in 4 bilateral resection had 
been performed, and in one the cavity was closed. 
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CASE REPORT 

W. C., a 43-vcar-old engineer, presented himself on Nov. IS, 1954, with chest roentgeno¬ 
grams demonstrating an nbnormnl opacity suggestive of tumor. ITis only symptoms had 
consisted of a nonpainful tearing sensation with subsequent dull ache in the left shoulder re¬ 
gion. Ho denied dyspnea, cough, hemoptysis, fever, weight loss, weakness, malaise, and 
night sweats. He l»nd been working actively and playing golf without fntiguo up to the 
time of admission. 

Physical Examination .—The examination revealed n robust, healthy appearing, well- 
nourished man in no distress. The temperature was 9S.4° F.; pulse was 70; respiration, 18; 
and blood pressure, 108/74 mm. Ilg. Detailed examination revealed no abnormalities except 
for a small, easily reducible, right inguinal hernia. There was no ptosis of eyelids or muscular 
weakness. The chest was normal in contour, with excellent respiratory excursion, no areas 
of dullness to percussion, and normnl breath sounds throughout. 

Bronchoscopy was entirely normal. 

X-rays .—Plain film of the chest, dated Feb. 2, 1032, showed normal cardiac and 
mediastinal silhouette with clour lung fields. Chest films, dated March C, 1054 (including 
lateral and oblique views and tomograms), demonstrated a n cll-circumscribcd, 2 by 5 cm., 
density in the region of the left upper lobe bronchus. 

Operation.—On Nov. 24, 1051, a left posterolateral thoracotomy was performed under 
ether-oxygen anesthesia. A plum-sized, soft, encapsulated tumor was found in the anterior 
mediastinum completely extrapleural and lying on the superior vena cava. There was no 
evidoneo of invasion or regional node extension. Satisfactory total excision was accom¬ 
plished and a frozen section diagnosis of “thymoma” was obtained. Because of the 
potentially malignant character of this tumor, it was elected to carry out a block dissection 
of the upper mediastinum cleaning olT nil tissue between and around the vena cava, aortic 
arch, innominate, carotid and subclavian vessels, sparing the vagus and phrenic nerves. 

Pathology Ecport .—“A 5 x 5 x 2.5 cm. lobulatcd discord mass with an irregular surface 
weighs 45 grams. The cut surface is bulging with lobules up to 2 cm. in diameter. Separately 
submitted is a mass of mediastinal fat. Histologic examination reveals tho main tumor to be 
nmdo up of small and largo groups of round cells resembling lymphocytes, areas of clusters 
of whorls, n as sail’s corpuscles arc not seen. The entire tumor is enclosed in a fibrous capsule 
with attached fat. The mediastinal dissection is found to have abundant fatty tissue in which 
is embedded microscopic foci of thymic tissuo and infrequont tiny lymph nodes. A diag¬ 
nosis of thymoma is submitted; possible malignancy is considered because of tho ccllularity 
of the tumor, but in general it is considered benign.” 

The Postoperative Course .—This was completely uneventful. The patient walked with¬ 
out difficulty from the first day and was discharged on the eighth day. He was closely watched 
for speech slurring, ptosis, muscular weakness, respiratory difficulty, and other indications 
of myasthenia gravis, but no such signs appeared during his hospitalization. 

The patient was seen during an office visit on Dec. 22, 1954; ho had walked eight 
blocks just before examination and showed no evidence of muscular weakness. Ho felt 
cortnin that ho had regainod strength progressively since operation and that in retrospect 
there had been no earlier symptoms. On Jan. 1, 1955, he could eat only with difficulty. His 
symptoms responded dramatically to Prostigmin, thus establishing tho diagnosis of 
myasthenia gravis on January twenty. He required GO mg. of neostigmine daily to con¬ 
trol symptoms for three months. By May, 1955, he had begun gradually to decrease his 
requirements and by early 1956 was taking no medication. 

He was last examined on March 3, 1956, fifteen and one-half months postoporatively. 
He had walked eight blocks carrying a suitcase and was not fatigued. He showed no 
evidence of muscular weakness and reported feeling completely normal. Ho is working 
full time without difficulty and plays golf. 

An x-ray of the chest on March 2, 1956, showed normal mediastinal silhouette and no 
evidence of tumor recurrence. 


MYASTHENIA GRAVIS SECONDARY TO THYMIC NEOPLASM 

Report of a Case in Which Symptoms Developed Six Weeks After 

Total Thymectomy 

Benson B. Roe, M.D. 

San Francisco, Calif. 

T HI MIC tumor in association with myasthenia gravis was first noted by 
Weigert, 1 in 1901. Subsequent reports 2 ' 6 at first suggested that myasthenia 
gravis occurred with nearly all thymic tumors; other observers, 7 ' 9 however, 
have found that the disease may be absent and never develops in about 25 per 
cent of thymic neoplasms. Myasthenia seems less likely to occur with malig¬ 
nant thymic tumors, 8 but the author has had one case with this association and 
others have been reported. 4 ' 10 ’ 11 Conversely, it is curious that of all cases of 
myasthenia gravis, thymic tumor can be demonstrated in about 15 per cent, 8 
although some thymic abnormality (hyperplasia) is found in nearly one-half of 
them. 

Thymectomy in the treatment of myasthenia gravis has met with variable 
success, 8 ' 12 ' 13 but it is generally agreed that symptoms are definitely improved 
by this procedure in many instances, perhaps in more than one-half of the cases. 

Careful search of the literature has failed to reveal any description of 
myasthenia gravis developing after complete removal of thymic neoplasm. 
Two cases were reported of incompletely removed malignant thymoma in 
which unmistakable myasthenia complicated the postoperative course. In the 
case of Fisher and Child, 14 respiratory difficulty developed during operation 
and the patient died four days later from respiratory complications of the dis¬ 
ease. Fershtand and Shaw’s case 15 was similar with less certain onset during 
operation, but postoperative weakness and respiratory embarrassment re¬ 
sponded to Prostigmin. This patient improved, later had a temporary remis¬ 
sion, and died in one year with recurrent myasthenia gravis and widespread 
tumor growth. In both of these cases, myasthenia developed coincidentally 
with or immediately following surgical manipulation and persisted in the pres¬ 
ence of remaining thymic tumor tissue. Lack of recognized prior neuromuscu¬ 
lar abnormality does not militate against a possible thymic factor in myas¬ 
thenia ; indeed, the course of events in these cases is strong evidence to sup¬ 
port the supposed relationship. 

The following ease represents what is believed to be a unique instance of 
myasthenia gravis developing in the absence of thymic tissue and at a time 
well beyond the patient’s convalescence from thymectomy. 

From the Department of Surgery, University of California School of Medicine, San 
Francisco, Calif. 

Received for publication May 29, 195G. 
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Flg . l—A, A chest roentgenogram 


taken preoperatlvely. B, 
months postoperative. 


A chest roentgenogram taken three 
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'lhcic seems to be no sntisf.ictoi} ixphinutum toi the unusual couise of 
eicnts m this iise Secondiu} tumoi giowlh oi lijpeiplasm of lunniiing 
thjmie tissue would h.nc to he postulated hj adheitnts of the th}imc ongin 
tlieot} of ill}asthenia grans Against this thesis, lio\\e\ei, is the complete 
antciioi and uppci lncdiaslinil dissution which accompnucd the ougmal 
tli}liieetomj and piohahl} included most of the tissue in which abetiant 
th}nuts might octui (though acecssoi} gland tissue has been desenbed both 
m and below the th}ioid gland, lalei-dh m the neck, and behind the stemo 
mastoid muscle) 'Ihe clinical couise ot stead} spontaneous impioiement with 
minimal dependence upon Piostigtmn is unioiis, but leflectcd against expen 
cnees with th}inectoiii} foi ni}asthuiia gians this is not unusual Peiliaps 
theie is a dehi}ed meehanism between wlutcici th}ime stimulus nia} oecm 
and the cluneal manifestation of the disease If so, this ease maj repiesent 
an instance of foitnitous tliciap} which failed to mtouupt the ahead} miti 
ated sequence of eients hut did not aboil the clinical eouisc of the disease 

SUMM \I!l 

A case of th}inie neoplasm is piesented m winch distinct in}asthenia 
gums dee eloped six weeks aftoi total th}incctom} and ladical mediastinal 
block dissection 'Hus is a unique oeeuiienee Itehted lepoits in the litcia- 
tuie and the pioblcm in gonoial aie teiiewcd 
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Fig. 3,—A, Photomicrograph of tumor. Note encapsulation and trabeculae 
reduced %.) 

B, Photomicrograph of tumor. (xlOO; reduced %•) 
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months. Three o£ the abscesses had been present for over six months and one of 
these followed appendectomy two years previously. This clironicity of some 
cases is well known to surgeons familiar with subphrenie abscess. 

The pus obtained in one-third of the cases gave a growth of Staphylococcus 
aureus; in one-third, hemolytic streptococcus, in rather less than a third, Bacillus 
coli; and, in the remainder, a combination of two of these organisms. 

Symptomatology .—In the common right-sided subphrenie abscess the patient 
null complain of right posterior lumbar pain and less commonly of pain in the 
right hypocliondrium. In the infrequent occurrence of a left-sided subphrenie 
abscess, the pain will, of course, be left sided—left upper abdominal if more 
anterior, left posterior lumbar if more posterior. Only 4 cases in this series 
were left sided. Sometimes shoulder tip pain is present. Breathlessness may 
be a feature and results from elevation of the diaphragm restricting the aera¬ 
tion of the lower lobe of the lung. Cough was present in some of the cases. 
Sputum may bo profuse if failure to drain the abscess has allowed it to rupture 
through the diaphragm into the lower lobe of the lung. There may be a recent 
history of upper abdominal pain or recent operation on the stomach, duodenum, 
gall bladder, or appendix. 

Clinical Signs .—These are characterized by a persistent pyrexia accom¬ 
panied by an increased respiratory rate; or an elevation of temperature and 
respiratory rates, three or four days after an operation for, say, the closure of 
a perforated duodenal ulcer. Tenderness will be present over the twelfth rib 
and/or below the costal margin. The right lower chest will show diminished 
movement and there will bo impairment to percussion or frank dullness over 
the right lower lobe while the area of liver dullness may be increased. A dis¬ 
charging upper abdominal wound may be present as a silent witness of a recent 
operation in which all has not gone well. 

X-ray investigation is most helpful. The cardinal findings arc elevation 
of the diaphragm and diminished diaphragmatic movement. Harley (1949) 1 
stresses the point that in left-sided subphrenie abscess the mobility of the 
spleen, stomach, etc., is such as to allow the abscess to enlarge downward; in 
consequence, elevation of the left diaphragm is much less than in right-sided 
abscesses. He also makes the useful point that, in right-sided subphrenie 
abscess, a rise on the right side is an accentuation of the normal elevation and 
is, in consequence, more obvious. A gas bubble is commonly present under 
the diaphragm, particularly following the perforation of an abdominal viseus. 
X-ray films taken of the patient lying on his side will confirm the presence 
of a fluid level in the abscess. Most patients have a trace of fluid in the costo- 
plirenic angle and some may have a quite moderate effusion. As a rule the 
lower lobe is partly or completely atelectatic and on occasions it is consolidated. 

CASE REPORTS 

Case 1.—The patient had a partial gastrectomy in another hospital tln-ee weeks prior to 
admission to the thoracic unit. Closure of the duodenum had been difficult and the stump 
leaked on the second postoperative day. At this time, he had developed pain under the 
right costal margin and he had been tender and guarded in this area. On the third day, 
he had had pain and tenderness over the right lower ribs posteriorly and bv this time he 



SUBPHRENIC ABSCESS 

Kenneth Fraser, Ch.M. (Hons), F.R.C.S.E., F.R.F.P.S.G. 

Glasgow, Scotland 

S UBPHRENIC abscess is not as uncommon as some people believe. The de¬ 
velopment of this complication should always be borne in mind in all cases 
in which the diagnosis of an upper abdominal illness is uncertain or in any 
patient having a stormy convalescence following an upper abdominal operation, 
such as the closure of a perforated peptic ulcer. Earlier diagnosis and treatment 
would do much to reduce the not inconsiderable mortality of this condition and 
it is for this reason that it seemed justifiable to put on record 30 cases seen 
personally by the author and the results obtained in 25 of these, following opera¬ 
tion. 

An analysis of the primary lesions causing subphrenic abscess is shown in 
Table I. 


Table I. Primary Lesion Leading to Subphrenic Abscess 


Duodenal ulcer perforation (sutured) 9 

Leak or suspected leak from duodenal ulcer C 

Acute appendicitis (appendectomy) 3 

Acute cholecystitis or gallstones 3 

Wounds in region of liver 3 

Boils or carbuncles 2 

Postcholecystectomy 1 

Postgastrectomy 1 

Liver abscess 1 

Puerperal sepsis 1 

Total 30 


It will be noted that nearly one-third of the cases followed the closure of a 
perforated duodenal ulcer, and one-half, if one adds to these, the cases in which 
a duodenal ulcer had leaked or was suspected to have leaked. Three abscesses 
followed acute appendicitis, in spite of appendectomy, and three were associated 
with acute cholecystitis or cholelithiasis. A further 3 cases resulted from war 
injuries to the liver; one of these patients was a naval rating, serving on an 
aircraft carrier, who was hit in the abdomen by the wing of a landing airplane 
and sustained rupture of the liver. Two eases gave a history of recent boils or 
carbuncles. Failure to inquire about this type of recent infection may account 
for some of those reported cases in which no cause for the subphrenic abscess 
was found. One case each occurred following cholecystectomy, gastrectomy, 
liver abscess, and puerperal sepsis. 

The abscess may develop within a few hours of the onset of the primary 
lesion or it may be of quite insidious onset and only diagnosed after many 

This article is based on a paper delivered to the Society of Thoracic Surgeons of Great 
Britain and Northern Ireland in November, 1966. 

Received for publication May 15, 1966. 
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Cash 2.—The patient, a 70-vcar-old man in poor goneral condition, was admitted with 
right upper abdominal pain which was thought to bo due to acute cholecystitis. At opera¬ 
tion pus was obtained from the suhphrcnic space in the region of Morison's pouch (Figs. 
4 and 5). 




Flu. 5. 


Figs. 4 and 5.—Case 2. Marked elevation of the diaphragm in subpiirehlc abscess resulting 
from acute cholecystitis. * 
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was running an intermittent pyrexia winch responded, only for a time, to penicillin. There 
were dullness and diminished movement over the right lower lobe. The x-ray dims showed 
elevation of the right diaphragm over a gas bubble; the lower and middle lobes were partly 
atelectatic (Figs. 1 and 2). This patient was drained anteriorly and Fig. 3, taken some 
days later, shows the drainage tube in situ with Lipiodol instilled. 
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Figs. 8 ana 9.—Case 3. Bronchogram confirms the elevation of the diaphragm and shows the 
upward displacement of the atelectatic lower and middle lobes. 
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Figs. G and 7.—Case 3. Marked ele\ation of diaphragm due to a subphrenic abscess develop¬ 
ing subsequent to the operation of cholecystectomy. 
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the sitting up position, it also has the incut of a mentality iatc of ne.ulj half 
that of tlinnngc In the tiansseious ionic (Ilailcy, 194')) On taio occasions 
when the abscess is olniouslj picscntmg antcnoilj, cliainagc fiom the fiont 
in ay he pieferied 

ItFSULrS 

Table II shows the insults in the 30 cases of this senes It will be seen that 
subphieme abscess is a condition which eames quite a fan mortality In 25 
cases diainagc was used, 3 of these patients died, giung a moitalitv of 12 pci 
cent In 7 patients, diainagc was nctci established and, of these, 2 died, gmng a 
moitahn of 40 pci cent In the total of ,10 cases tlicio weie fnc deaths—anotet 
all nioitnlitc of 16 6 per cent 


laini II 'lur Outcomt is so Casis oi Sum nrrsic Absciss 


1 

MJMiwr m 
CVSFS 

I \t \wtr oi 

| I>FATHS 

MOHT \I IT\ 

(%) 

1 \ ic nation of abscess and drainage 

25 

d 

12 

>*ot ilmined 

5 

2 

40 

lotal of "tO ciscs tuth 5 deaths 
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In the series of 182 cases collected bj Ilailej (1949), the moitalitt foi the 
cases in which diainagc was used was 2G G per cent, and for those without dram 
age, 83 pet cent, gmng an o\ci all moitahtj of 40 1 pci cent "While the figures 
in this senes compile tciy fatoiubh with flic collected senes of Ilailej (1949), 
the moitalitt is still fai too high 

Of the fi\c deaths, foul lcsultcd laigclj because the diagnosis was delated 
too long and the pionsion of diainagc was eitlici inadequate oi too late Ad 
nnttcdh, 2 of these patients weie old men in then middle setonties, but one was 
a licaltlij man, aged 25, in whom the diagnosis was so protiacted that metastatic 
In am abscesses dec eloped and diainagc was notci established 

The fifth ease was mashed m that the peifoiation of the duodenal uleei 
occuned into the lesser sac 


CONCLUSION 

It is geneiallt tine to saj tli it it is onl\ neecssaiy for the thoiacic smgeon 
to hcai the clinical lnstoij of a ease to be able to suggest tlie diagnosis Sub 
pluenic abscess should be suspeeted m any patient l eccntlj submitted to an nppei 
abdominal operation, paitieulailj a peifoiated peptic ulcei, if be has continuing 
upper abdominal and low back pain accompanied bj swinging tempeiatuie It 
is mv e\penence, however, that siugeons, paiticulaily geneial surgeons, aie not 
sufficiently awaie of the possibilitt and frequence of the occuncncc of this com 
plication Also, once bating made a firm diagnosis of subplnenic abscess, thci 
aie veij liable to hold a "watching brief” otei what may well turn into “watch 
mg disistei ” Dclat m ticatment oi failuie to acluete adequate drainage bv 
intei 101 oi lateial appioaeh mv well lesult in the abscess hunting tlnougli tlie 
diapbiagm, with consequent bionelucetasis Delay, as we hive seen, may resnlt 
m the patient’s death 
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Case 3. This patient, a 42-year-old man, had had a cholecystectomy in another hospital 
ton months prior to admission to the thoracic unit. He had had a stormy convalescence and 
the wound burst. The right lung collapsed and he had developed a pleural effusion. Six 
months later, he developed recurring fever, and pain in the light upper quadrant of the 
abdomen, accompanied by shoulder tip pain. One month prior to tiansfer to the thoracic unit, 
an attempt was made to drain the abscess but only a little pus was obtained. Posteroanterior 
and lateral x-ray films showed a very high diaphragm with collapse of the middle and lower 
lobes of the lung (Figs. 6 and 7). In this type of chronic case, the diagnosis may be diffi¬ 
cult and, if doubt exists, bronchography will make the situation abundantly clear as to whether 
the shadow is, in fact, due to a raised diaphragm or not (Figs. 8 and 9). Three and one-lialf 
pints of pus were emptied from this abscess and Fig. 10 shows Lipiodol instilled into the sinus 
some days after di ainage by the standard posterior approach. 



Fig. 10.—Case 3. An x-ray which shows Lipiodol instilled into the posteriorly placed drainage 

wound. 

Treatment .—One agrees with Hunt (1948) 2 that diagnostic aspirations 
should be avoided for fear of spreading infection to pleura or peritoneum. 
Operation to establish drainage should be performed if the subphrenic abscess 
is of any size and if, in spite of antibiotic treatment, the pyrexia continues 
and is accompanied by pain and tenderness. The usual posterior incision is 
made over the twelfth rib and a sufficient length of the rib is excised to allow 
the operator’s hand to enter the wound. If the pleural reflection presents, it is 
displaced upward and the diaphragm is traversed, the upper surface of the 
liver being easily reached. A very wide stiff drainage tube is used and should 
be left unshortened for several days. The posterior approach has the ad¬ 
vantage of being extraserous and of giving dependent drainage to a patient in 



INTRATHORACIC LIPOMAS 

William T. Williams, M.D.,* and Willard II. Parsons, M.D.*® 
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J UDGING from the number of cases reported in the literature, the care of 
2 patients with an intrntlioracie lipoma during a five-year period by a 
single individual would be an unusual circumstance. Keelcy and liis associ¬ 
ates' gathered 57 cases from the literature and added a ease of their own. 
Since that time, 8 cases have been added, 1 ' 0 bringing the total to GG. In this 
communication, 2 cases of intrathoracie lipoma are presented! along with a 
brief discussion of the tumor. 


CASE REPORTS 


Case 1.—L. H., a 32-ycnr-old Negro man, was first seen in January of 1950 because an 
abnormality of tho right lung field had been detected three months previously on a routine 
chest x-raj-. Ho was without symptoms and gavo n history of smoking one package of 
cigarettes daily. 

No abnormalities wore demonstrated on physical examination and, except for a mod* 
orato anemia, all laboratory toports woro normal. Roentgenograms of the chest (Fig. 1) 
showed a semicircular mass overlying tho upper right lung posteriorly. Tho roentgenol¬ 
ogist’s impression, after reviewing tho stereoscopic films, was that the mass lay in an 
extrapleural position, located in the soft tissues along the medial border of the scapula. 

Following correction of tho anemia, exploratory thoracotomy was carried out six 
days following admission. Elevation of the scapula revealed no evidence of tho tumor 
mass between it and tho thoracic cage as had boon indicated by tho rocntgonologist. When 
an intercostal incision was made between the fourth and fifth ribs and the pleura oponed, 
a soft cystic tumor about tho size of a hen’s egg was found in tho pleural spaco adjacent 
to the fifth rib and tho posterior axillary line. Clinically nnd histologically, tho tumor was 
a lipoma. Tho tumor was excised nnd the patient recovered uneventfully (Fig. 2) and is 
in good health four years following operation. 


Case 2.—-V. A., No. 61018, a 55-year-old Negro man, was admitted to tho Veterans 
Hospital Jan. 20, 1955, complaining of clmmic cough, wheezing, shortness of breath, and 
a slightly productive cough of several years’ durntion. Ho had been investigated in 1949 
bccauso of recurring precordial pains with radiation to the right shoulder and right arm. 
However, no abnormalities were demonstrated at this time and ho was discharged without 
a positive diagnosis- 

physical examination on tho present admission revealed slight dyspnea at rest and 
a pulse rate of 92 per minute. In addition, dry expiratory wheezes were hoard over the 
lower lung fields, bilaterally. A routine chest film (Fig. 3) revealed a largo ovoid density 
in the left base, projecting approximately 2 cm. above the level of the diaphragm. 
Fluoroscopic examination showed the mass to lie far posteriorly in tho costophrenic sinus. 
It was suggested at that time by tho roentgenologist that tho mass might represent a 
herniation of a sub diaphragmatic organ and, for that reason, additional roentgenograms 
following pneumoperitoneum were obtained, demonstrating the mass to be attached to tho 
diaphragm and to lie above the diaphragm (Fig. 4). It was thought by the roentgenologist 
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Subphrenie abscess should be thought of if the circumstances just discussed 
are found, examination and investigation for it ought to be instituted, and 
radical drainage should be established forthwith if the abscess is of large 
dimensions or is found to be unresponsive to early conservative treatment. 

It is true to state in this complication of subphrenie abscess as in all 
conditions in which a serious or even fatal complication may occur—there is 
some excuse to have looked and found nothing, there is no excuse for not 
having looked at all. 
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tlmt the mass represented a benign tumor, most likely a lipoma Because of the unhnoun 
nature of the tumor, the left chest was explored through tho bed of the rejected eighth rib 
A 7 cm tumor, haring nil tho characteristic appearances of n llpomu. Mas ensile demon 
strated m the costophrenic sinus at the most posterior part of the left diaphragm (ligs 5 
and G) After tin pleura oierlnng the tumor had been incised, it wns demonstrated that 
the lipoma arose from the propentoneal fat and extended through the diaphragm, separat 
ing tho muscle fibers of that structure Tho tumor i\as excised and the diaphragm repaired 
'the postoperatne course was uncomplicated except for accumulation of fluid folloinng 
remoial of tho thoracotomi tube This uas corrected b\ two aspirations and the patient 
was discharged with essentials the same symptoms as hi presented on admission 

DISCUSSION 

The classifications of lipoma piCMouslj pioposed liasi boon i plated to 
the anatomic site of tin tumot. 1 

1 Intiathoiacic lipomas those 1} ing culm h within tlic thotacic cage 

2 Iloutglass thotacic lipomas those hating both mtia- and extuithoineie 
poitions 

a Cot\leomedi.istmal, passing ftom the mediastinum into the neck 
b Tiansmutal, passing tluough the ebest wall—usually an inteicostal 
space, raid} thiough the stenmm 

In addition to these locations, lipomas maj aiisc nitiabioneliinllj 10 11 and 
fioni the external suifaco of the lieait 1 " In addition to tins anatomic classi 
fieation, a histologic one might be eonsidcied, although tins would neecssinlj 
include cases otliei than pnie lipomas such as we aic picseiiting hcie This 
classification would include liposaicomas, 13 lnbcinomas, 14 and the somewhat 
conti os crsial thjmolipomas*•' Rubin and Mishkin 1 -’ hate suggested that, 
tliymohpomns aic <ictuall> lipomas pci so which hate then ongin m tlijmus 
gland fat and can} lcmnants of the thymus with it ns the bulk and w'eight 
of the tumoi cause it to ginutate to the moic mfciioi confines of the medi¬ 
astinum 

The symptoms and physical findings picsonted by the patient depend 
upon the sire and location of the tumoi and, as would be expected, asjnip 
tomatie lipomas aic fiequcntlj diseoieied on loutmc chest films When tins 
is the ease in the diffeiential diagnosis, one should keep in mind that lipomas 
have been confused with caidiac eulai gement* and, in addition, they must be 
diffeientiated fiom those tumois which frequently anse in the location occu¬ 
pied bj the lipoma in question Keelcj 1 pointed out that tlic- good geneial 
condition of the patient with a lipoma of such size and configuration as to 
represent a far advanced malignant pi occss on chest x i ay was an nnpoi tant 
point m the differential diagnosis of tlic tumor In addition, Heuei and 
Andrus 10 have described the x-ray of mtiathoiacic lipomas as being charac 
tenstie, suggesting that the diffeienco m specific giasity between fat and 
fluid produces a lelatively cleai peuplicial zone in the lipoma which is not 
found in fluid Otliei diagnostic measures which have been ernploj ed include 
pneumothorax, pleuroscopy, and needle aspiration The use of pneuraopen 
toneum in our second ease was useful in diffeientiatmg the tumoi of tlic dia 
phragm from a diaphragmatic hernia 

Despite the many diagnostic aids at our disposal -it is ficquentlj impos 
sible to determine which tumois are lipomas and which aie not Along this 







BltONCllOPUDMONAKY sequestration 

Some. Clinical Aspects with Report oe Six Cases 
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S INCE 1951, G cases of intralolmr bronchopulmonary sequestration liave been 
diagnosed and operated upon at Fitzsimons Army Hospital. These con¬ 
genital lesions occurred in young soldiers varying in age from 17 to 24, and 
5 of the G eases were asymptomatic. Nevertheless, it has been stated that most 
patients with that condition give a history of repeated pulmonary infections 
with chills, fever, productive cough, and roentgenographic abnormalities in 
the lower lung fields. 1 

This condition has received a great deal of attention in the medical litera¬ 
ture since 194G when l'ryec published his first paper on flic subject. 2 Anoma¬ 
lous arterial supply to the lungs, however, was first described in 1802 by 
JIaugars, a French medical student. 3 Descriptions of surgical procedures 
in over 100 cases have appeared in the literature. This entity is important to 
the surgeon because it represents a hazard to those not familiar with the con¬ 
dition; under such a circumstance, technical difficulties may arise as dissection 
is performed in the vicinity of the anomalous artery. No technical errors 
have occurred during the surgical treatment of our small series of patients— 
due largely to the roentgenographic findings and diagnostic implications. Ex¬ 
cellent reviews of this interesting anomaly have been published since 1950 by 
Bruwcr, 1 Wyman, 4 Boyd, 3 and Cole, 6 and their associates. The reader is re¬ 
ferred to these publications for detail concerning the embryology, pathogene¬ 
sis, and pathology. 

The purpose of this paper is to report G more cases of intralobar sequestra¬ 
tion, 5 of which were discovered by routine roentgenograms. The diagnosis 
was established in one case by retrograde aortography. Three of the 6 cases 
were seen within a period of five months in 1955. We wish to stress the im¬ 
portance of laminagraphy as an additional diagnostic aid and to re-emphasize 
that this condition probably exists in the asymptomatic state more often in 
young adults than in the symptomatic state. 
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line, it is interesting to note the reported number of eases of liposarcoma and 
to compare that figure with the number of lipomas found in the literature. 
Storey and Knutson 13 gathered from the literature five solitary liposarcomas 
of the mediastinum and 5 cases of multiple liposarcomas. ‘When these 10 
eases of liposarcoma are numerically compared with the 57 cases of lipoma 
which had been reported at about that time, one wonders whether the inci¬ 
dence of sarcomatous degeneration in a thoracic lipoma may be higher than 
in other locations. However, it may well be that these figures are distorted by 
the fact that asymptomatic intrathoracie lipomas are not discovered and, 
hence, do not find their way into the literature. 

In any event, the treatment of choice is exploratory thoracotomy and ex¬ 
cision of the tumor. Once the chest is open and the tumor is in view, there is 
usually little difficulty in identifying the lipoma as such and affecting its re¬ 
moval. When dealing with especially large lipomas, or other bulky intra- 
thoracic tumors for that matter, it must be appreciated that compensatory 
space adjustments have occurred during the slow growth of the tumor. 17 ’ 18 
When the pleural cavity is opened, these compensatory adjustments are dis¬ 
turbed and potentially lethal cardiorespiratory problems arise which must be 
immediately recognized and rapidly corrected. 

SUMMARY 

Two cases of unusually located intrathoracie lipomas are reported and 
the subject briefly discussed. 
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inferior pulmonnrv ligament, a largo arterv was noted to enter the thoracic cavitj through 
the diaphragm and enter the loner lobe right loner lobcctomj was performed without 
complication*! 

At gross pathologic examination, multiple cjsts filled mth gelatinous material were 
found There were no demonstrable bronchial communications with these c^sts The 
anomalous artery measured fi mm m diameter and supplic f the l\ stic portions of the lung 
Microscopici examination Ttvealed that the evst* \\Lro lined bj columnar tv po epithelium 
Tho pulmonar\ parenclivma shone 1 remnants of aheolar architecture, considerable fibrosis 
and other chrome mflnmmntorj changes nere noted 

Casf 2—A 24 \ ear old Ntgro corporal nas transferred to I it7simons \rmj ITospital 
on Dec ft, 1052, with an undiagnosed mass in the left lung 

Tho patient had been cntirel) asvmplomntic and a routine phvsical examination and 
chest roentgenogram in September, 1952, revealed a homogeneous rounded mass in the 
left loner lung field The past medical history nas negative and there nas no lnstorj of 
pneumonia Tho phvsical examination nas within normal limits 

Tho laboratorv fin lings revealed that the hemogram the unnalvsis, and the sedi 
mentation mto were normal Tuberculin test (purified protein derivative No I) was 
positive Tho luxtoplisimu and coccidioului skin tists wire slightlv positive Culture of 
the sputum and gastric contents for arid fast bacilli nas negative on Mwcral occisions 

A chest roentgenogram rev calc 1 a 2 cm rounded mass if homogeneous density m the 
medial portion of the loner lung field on the left (Fig 2) A lateral \ rav localized this 
area to the posUrobasal segment Review of xravs ninth nere tahui prior to this pa 
ticnt’s induction into militnrv service revealed that this losion had been present since 
November of 1*130 and had been unch inged since that time A bronchogram demonstrated 
the presence of a large omph>*»em itous urci mth distortion and displacement of all basilar 
bronchi (Fig 3) 

A diagnostic thoracotomv nas performed on March in, 1031 The lateral and postc 
nor basal segments of tin left loner lobe appeared pml and showed no visible anthracotic 
pigment Located in the upper portion of the lateral and posterior basal segments was a 
cystic mass which measurod approximatelv 1 cm in its greatest diameter In tho pulmonnrv 
ligament, an arterv nas discovered which came from below tlie diaphragm and measured 
5 mm in diameter \. left loner lobectomv naspcrformel without complications 

On gross pathologic examination tho posterolmsnl segment was noted to be quite pink 
and devoid of visiblo anthracotic pigment A 1 cm mas* was palpated m the posterior 
aspect of the posterobasal segment In the medial portion of the posterobasal segment, a 
large 3 cm cvstic mass vvis demonstrated ind was filled with a greenish gray mucoid mate 
rial Thcro was no bronchial communication An anomalous arten wms noted to run 
■just lateral to the cjstic mass nnd divide into sevcrnl branches in that area The cjst was 
irregular and possessed a verj thm, grajish white wall 

Microscopic examination rev calc 1 that the evst nas lined with columnar type epi 
thclium and the pulmonnrv parenchvma revealed evidence of fibrosis and inflammation 

Casf 3—A 22 jcar old white male sergeant vva^ nlmittcd to Fitzsimons Armv Hos 
pital on Nov 27, 1953, for evaluation of an infiltrate in the right loner lobe 

The present illness began in October, 1953, and nas characterized by an upper respira 
tor* infection which nas associated with a mild cough productive of small amounts of white 
sputum with occasional streal mg of blool Tins infection lasted for approximately two 
weeks The patient was trcited with penicillin and Aureom>cin which caused a disappear 
ancc of all his symptoms and lie had remained in good health thereafter A Chest roent 
genograiu made at tins time revealed an area of infiltration in the right cardiophrenic 
angle Tuberculin (PPD) si in tests were negative Cultures of the sputa and gastric con 
tents for acitlfast bacilli were negative 

The past lustorv is significant in that the patient had had two previous attacks of 
pneumonia, one in 1949 and one in 1950 

Tlie physical examination w as within normal limits 
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CASE REPORTS 

Case 1.—A 21-year-old white enlisted man was transferred to Fitzsimons Army Hos¬ 
pital on April 7, 1951, with a diagnosis of cystic disease of the lung. His symptoms began 
in March, 1951, and consisted of the sudden onset of right sided chest pain which was 
aggravated by deep breathing and lying on the right side. He had suffered from a mild 
upper respiratory infection for one week prior to the onset of acute symptoms. He was 
admitted to a local station hospital where his temperature was 100.6° P. Physical examina¬ 
tion was negative except for dullness, decreased breath sounds and rales at the right lung 
base. A chest roentgenogram (Pig. 1) revealed a large area of radiolucency at the right 
base with two fluid levels. On the second hospital day he developed a cough productive 
of one-half cup of greenish-yellow sputum. Antibiotic treatment was instituted and symp¬ 
tomatic improvement was noted in forty-eight hours. He became afebrile in two weeks 
and was transferred to Pitzsimons Army Hospital. 



Fig. l._Posteroantenor roentgenogram of tlie chest The enormous cyst with two fluid lei els 

is demonstrated on the right. 

The past history levealed that he had had bilateral pneumonia in 1947. 

The physical examination revealed a well-developed, well-nourished white man who 
did not appear acutely ill. The temperature, pulse rate, and blood pressure were normal. 
The only positive physical findings neie confined to the chest which revealed diminished 
breath sounds, dullness to percussion, and rales at the Tight base, posteriorly. 

The laboratory studies were all within normal limits. 

A chest roentgenogram revealed two cysts m the posterobasal and superior segmental 
areas of the right lower lobe with fluid levels. 

At operation, the basal segments of the right lowei lobe were replaced by cystic 
changes. The entire lower lobe appeared grossly free of anthracotic pigment. In the 
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Additional laboratory studios, which included urinalysis, serology, and hemogram, 
•were negative. All of the shin tests, tuberculin (PPP), histoplastnin and coceidioidin, were 
nogativc. A chest roentgenogram revealed a MiarpU demarcated lobular area of increased 
density which was unite homogeneous in the right lung Held, located in the region of the 
cardiophrcnic angle (rig. 4). Roentgenograms of chest obtained prior to induction into 
the military service were re\icwed and this lesion had been present since that time with¬ 
out change. A bronchogram demonstrated incomplete filling of the posterior basal seg¬ 
mental bronchi. 

An exploratory thoracotomy was performed on 1'eb. 8, 3054, and a large cystic mass 
was palpated in the posterolateral and posterior basal segments. An anomalous artery 
measuring 8 mm. m diameter and 4 cm. in length was found in the free edge of the inferior 
pulmonary ligament. Its origin was from the aorta. The anomalous artery entered the 
area of the cystic change in the low<w lobe. A right lower lobectomy was performed. There 
were no postoperative complications. 



Fie 4.—An area of Increased density, fairly well demarcated. Is \lsuallzed near the right 

cardfophienfc angle. 

Gross pathologic examination revealed a cystic mass which measured 13 by 7 by 5 cm. 
in the area of the posterior and lateral basal segments- The cyst contained a grayish- 
brown grwnous material which resembled an old blood clot. There was no bronchial com¬ 
munication between the cystic area and the normal bronchial tiee. A large artery which 
measured 8 mm. in diameter entered the cystic mass and gat e off numerous ramifications 
into the substance of the involved segment and about the walls of the cyst. One of the 
branches of this abnormal artery converged upward toward the hilum and anastomosed 
with a branch of the pulmonary artery. 

Microscopic examination demonstrated the cyst to be lined by low columnar and 
cuboidal ciliated epithelium. The pulmonary parenchyma showed a mild degree of chronic 
organizing pneumonitis with mild inflammatory changes. A section of the large aberrant 
artery showed that it was of the elastic type. ‘There were no atheromatous deposits found 
on the intima. 
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Cast 4—A 2*1 \ car old wluto man \ni transferred to ritzstmons \rmv Hospital on 
June G, lfioo, for cvaluation of an abnormal chest roentgenogram which was obtained in 
Mn\, 105*5 

Tho patient had been hospitalized eNtwhert for troitment of a peptic ulcer A chest 
x raj obttimid m Ma\, inn, repealed nu ill defined infiltration in the lower portion of the 
right lung field 

Tho past Inston was cninpletclv negative 

A complete phweal ixaminntion was within normal limits 

Laborntorv examinations which includel n complete blood count, urinalysis, and 
serologv were normal A culture of the sputa for predominating organisms re\calcd alpha 
and bt ta hemolstic streptococci and AVtvserui entarrhnhs The tuberculin shin test (PPD), 
intermediate strength, w is po«iti\< The histophiMnin and cocculioulin shin tests m a 
dilution of 1 100 were negative V bronehoscopie examination showed mucopurulent tona 
Cious secretions coming from the orifice of the right lower lobe A dust roentgenogr im 
(1 ig ■>) made in Imu, 103*>, demonstrited i homogeneous donsitv in the medial portion 



«* 


Tip 7 —Roentgenogram of surgical specimen The aberrant arter> is incompletely 
filled w ith Llpiodol The basilar bronchi are filled -with the same contrast medium and 
attache 1 to sj ringe 

ot tho right lower lung field with a sharp superior and 1 itcral margin but an indistinct m 
fenor and medial nurgin Lannnagrams revealed a lonhulated densitj with clear cut inar 
gins m the right cardiophromc angle which was thought to have a stnnglihe densitj e\ 
tending downward and mediallj toward the diaphragm A lateral laminagram revealed 
that this mass laj m the posterobasal segment (Pig G) An angiocardiogram was normal 
Autenoi displacement of tho posterior basal segmental bronchi was demonstrated by bron 
chographj Bj retrograde aortographj, a vessel was seen to arise from the right side of 
tho aorta and extend up into tho base ot the right lung, supplj ing the area of increased 
density m the medial anl posteriot portion of the right lung field 

On Aug 8, 1*155, an exploiaton thoracotomv was jierformcd The posterior one third 
of the right lower lobe was light pink in color There was no antlnacotic pigment visible 
Palpation ot this area revealed the presume ot a comma shaped, Tubbcrj, fluctuant densitj 
which measured approximate!j 5 bj 4 bj 3 cm An abeirant arterj was noted in the in 
fenor margin of the pulmonary ligament which measured 6 mm \n diameter and originated 
from the aorta at the level of tho right leaf of the diaphragm This artery measured* SlTS, 
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Pig. 5. 



Fig. 6. 


Pig. 5.—Roentgenogram demonstrates irregularly outlined area of density in the medial 
portion of the right lower lung field. 

Pig. G.—Circumscribed area of density localized to the area of the posterior basilar 
segment on lateral laminagraphic view. 
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Fig. 8. 



Fig. 9. 

Fig. 8.—Roentgenogram of the chest. Area of density clearly visualized in the medio] 
portion of the right lower lung field. , , jn 

Fig. 9.—Lateral bronchographic view. Nonfllling in the region of the superior / 

of the right lower lobe; localized density again viewed in this area. superior segment./ 
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cm. in length and entered the substance of the lung posteriorly in the region of the postero¬ 
basal segment. Resection of the basilar segments of the right lower lobe was performed 
without complication. 

On gross pathologic examination, in the region of the posterobasal segment, a fluctu¬ 
ant mass was palpated which measured 4 bj' 3 by 2.7 cm. Approximately 20 c.c. of a 
creamy, tenacious, semisolid material was found within the cystic mass. An anomalous 
artery was found to enter the posterior and medial basal segments, which was approxi¬ 
mately 5 mm. in diameter and seemed to encircle the cystic area in the posterobasal seg¬ 
ment. There was no bronchial communication demonstrable (Fig. 7). 

Microscopic examination revealed that the cyst was lined by ciliated columnar epi¬ 
thelium. In some areas cartilaginous plates were found. Within the pulmonary parenchyma 
a moderate amount of fibrosis and inflammatory reaction was noted. Sections through the 
anomalous artery revealed that there was an abundance of elastic tissue within the media. 
Atheromatous plaques were found in the intima in many sections. 

Case 5.—A 22-year-old white enlisted man was admitted to Fitzsimons Army Hospital 
on Oct. 10, 1955, for evaluation of an infiltrate in the lung of undetermined etiology. 

In September, 1954, during basic training this patient suddenly developed a fever 
and cough productive of small amounts of purulent sputum. He was hospitalized at the 
local station hospital and treated for a period of two weeks. He recovered completely from 
this episode and was symptom free until August, 1955, at which time he noted the onset 
of ease of fatigue and a 15-pound weight loss which occurred over a period of one month. 

The past medical history was completely negative. 

The physical examination was within normal limits. 

Laboratory studies revealed that the blood count, sedimentation rate, urinalysis, 
serology, and all of the skin tests to be negative. Gastric washings and culture for acid- 
fast bacilli were negative. 

Chest roentgenograms made in September, 1954, revealed an increased density in the 
medial portion of the right lower lung field. Chest x-rays taken at Fitzsimons Army Hos¬ 
pital demonstrated an oblongated mass in the right lower lung field on posteroanterior view, 
which was localized to the posterobasal segment of the right lower lobe on lateral chest 
roentgenograms (Fig. 8). There was some suggestion of a cystic area peripheral to the 
homogeneous mass. Posteroanterior and lateral laminagrams showed that this was a 
; ‘comma-shaped” density and that there was a suggestion of a vessel in the medial and in¬ 
ferior portion of this mass which extended downward toward the diaphragm. Peripheral 
to the homogeneous mass, an emphysematous area was noted which had the appearance of 
a pulmonary cyst. An angiocardiogram was within normal limits. Complete filling of all 
segments of the right lung except the superior segmental bronchus was demonstrated by 
bronchography (Fig. 9). A large cystic area occupied the region of the superior segment. 
A retrograde aortogram did not reveal any abnormal vessels entering the lung. 

On Dec. 6, 1955, an exploratory thoracotomy was performed. In the region of the 
posterobasal segment the lung appeared quite pink and was without evidence of anthracotic 
pigmentation. A cyst which measured 5 by 4 by 3 cm. was palpated in this area. Just 
superior to the inferior pulmonary vein and along the course of the lower lobe bronchus, 
a large bronchial artery measuring 2.5 mm. in diameter was found which came directly up 
through the mediastinum from the aorta. This large systemic artery was observed to enter 
the substance of the emphysematous tissue and the cystic area in the posterobasal segment. 
Resection of the palpable, irregular cyst along with the attached posterior basal segment 
and the emphysematous parenchyma in (he anatomic location of the superior segment was 
performed without undue difficulty. 

On gross pathologic examination, numerous intercommunicating cystic structures varj 
ing in size from 1 to 4.5 cm. were observed in the region of the posterobasal segment. 
There was no bronchial communication to these cystic areas. A large anomalous artery 
measuring 3 mm. in diameter was found to enter the region of the posterobasal segment. 
There were two small branches of the pulmonary artery which entered the abnormal 
sequestered pulmonary tissue in the superior segment. 
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thorm»otomv was pcriormcd on Dec 7, l‘)55, ami an lriigulnr cvstic mass was found in the 
region of tho mlcnor pulmoimrv ligament and was lurgily located in the lower posterior 
mediastinum Bosteriorlv, below tlic level of the inferior pulmonary Min, a large systemic 
artery coming directly off tlu. aorta was noted The tense cyst was cx.ci«ed from the mcdi 
astinal structures where it was markedly ndlurent to the esophagus and the inferior \ena 
ca\a Tho patient’s postoperative course was uneventful 

Upon gross pnthologic t\munition, an anomalous artcrv was seen to enter the pul 
monury tissue between tho posterior and medial basal segments A firm, irregular mass 
measuring r ) cm in diameter was palpated in the mi 1 pirtion of the basilar segments The 
pulmonary tissue in the medial basilar segment and the medial portions of both the anterior 
and posterior basal segments had a bright mIIow, granular appearance 

Microscopic examination revealed that the cyst wall was lined with bronchial cpi 
thelium Surrounding tho cy*>t, no pulmonary pnrcnchMiia, recognized as such, was present 
\ marked mflammntorv infiltration was found in most sections r ihi*» reaction consisted 
of lymphocytes, plasma cells and, in sonic area*, poll morphonuclcnr leukocytes A large 
number of nmcrophngt s containing fat droplets were observed in the medial basal segment 
Most of these nnerophuges were within the alveolar w ills In the lateral bisd segment, more 
normal appearing pulmonarv tissue was seen lhcrc wen a number of these lipoid fillel 
macrophages m this area also, but thin seemed to lie a si nrp line of demarcation between 
tho more solid lipoid filled areas and the relatively normal 1 mg tissue 

DISCl/SSION 

Inti.ilobai l)ioneliopulmon.il\ sequestiation as demonstrated m these G 
cases piesentsn latliei typical locntgenogiaphic pntuic, but no eliaracteustic 
clinical signs and s\ mptoms Onlv one of om patients si as ill dming the pe 
nod of hospitalization, hut 2 liad gisen histones of piotious pneumonia 
Whethci or not these svcic t elated to the scquesteied areas of the lung cannot 
bo definitely stated We know by renew of piesious chest loentgenogiams 
on 2 patients that tlio lesion liad been present pnor to induction into the null 
tary service Both these patients’ lesions had been unchanged foi appioxi 
mately two scars pnoi to cntiy into the imhtaiv semee 

It is intei esting to note that lammagiaphic studies on Cases 3 and 4 re 
seal practically identical x lay pietuics The lesion svas "comma shaped" in 
both instances and fmgeilikc pi ejections weic seen to extend fioni the mfciioi 
portion of the mass tow aid the diaphragm The laimnagiam on Case 4 did 
not demonstiatc this type of abnoimality , liowesci, it is out belief that due 
to mediastinal stiuctnies sm i otinding this cystic aica, laminagraphic detail 
svas obscured 

We do not feel that retiogiade aoitography is indicated svhen mtialobular 
bionchopulmonary sequestiatiou is suspected due to tho possible untowaid 
sequelae of this pioceduie Hosvcsei, if an aitcnosenous fistula of the lung 
is seriously eonsideied, an angiocaidiogiani is indicated 

Although the true incidence of this condition is not known, we beliese it 
to be moie common than is ordinal lly suspected 

The gioss abnormalities of these 6 cases sveie umfoimly similar, disiegard 
ing secondaiy inflammatory changes, and confoimod to the pathologic pattern 
originally descubed by Piyce * Theie svasno bionchial communication demon*- 
strated in any of our cases The pulmonaiy paieilchyma m the sequest 
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Microscopic examination revealed that these cysts wete lined with bronchial-type 
epithelium. The pulmonary parenchyma presented evidence of pulmonary fibrosis and in¬ 
flammatory changes. 

Case 6. —A 17-year-old Negro ah man was transferred to Fitzsimons Army Hospital in 
October, 1955, because of an abnormal routine chest Toentgenogram. 

The patient had been completely asymptomatic until Aug. 1, 1955, at which time he 
developed a mild cough which was productive of a small quantity of thick sputum. There 
was no history of hemoptysis, nor was there any history of pulmonary infections in the past. 

The past medical history was negative. 

Physical examination revealed a well-developed, well-nourished Negro man who did 
not appear acutely or chronically ill. A complete physical examination was within normal 
limits. 



j-jg io —Left anterior oblique joentgenogram Arrow points to the large circumscribed homo¬ 
geneous density. 

The laboiatory examinations revealed a normal uiinalysis, blood count, and serology. 
The tuberculin test (PPD) was positive. The Iiistoplasmin skin test, 1:1000 dilution, was 
positive. 

Additional chest roentgenograms revealed an area of increased density in the right 
cardiophrenic angle. An upper gastrointestinal series and barium enema were within nor¬ 
mal limits. A bronchogram was normal. Posteioanterior laminagrams demonstrated an ill- 
defined abnormal shadow in the right lower lung field just posterior to the right cardio- 
phrenie angle. Lateral laminagrams and left anterior oblique views revealed a rather 
sharply circumscribed, rounded cystic shadow which appeared continuous with the caidiac 
border and was seen best on the 11 cm. through 14 cm. sections (Fig. 10). An exploratory 



TRANSPLANTATION OP THE DIAPHRAGM FOR OBLITERATION OP 
DEAD SPACE FOLLOWING PULMONARY RESECTION 

Wai,ter ,T. Burdette, Pu.D., M.D. 

Columbia, Mo. 

T HORACOPLASTY is the usual method of reducing the dead space follow¬ 
ing pulmonary resection, diminishing the amount of overdistention and loss 
of pulmonary function of the contralateral lung and of any residual homolateral 
segments remaining after partial resection. Although thoracoplasty does not 
result in appreciable external deformity when the first rib and transverse 
processes arc preserved, we have found in practice that it is not performed 
routinely at the time of the primary procedure in the interest of reducing mor¬ 
tality and morbidity when the resection has been difficult and prolonged. When 
thoracoplasty is a secondary procedure, irreversible compensatory changes have 
usually occurred in the lung and the advantages of immediate reduction in 
volume of the thorax are lost. Thoracoplasty is not suitable when inferior seg¬ 
ments arc resected and may well result in bronchial torsion and impeded drain¬ 
age of npper segments. Crushing the phrenic nerve for the purpose of elevating 
the diaphragm after lobectomy has the undesirable effect of reducing the respira¬ 
tory excursion of the portion of the lung remaining, and plombage lias been un- 
satisfactory except as a temporary measure in our hands. After suitable studies 
on dogs, one solution to this problem appeared to be superior transplantation of 
the diaphragm. A case in which the idea proved useful was that of a minister’s 
wife, who was found to have an adenocarcinoma of the left lower lobe. This was 
resected, and the circumferential origin of the diaphragm was detached and 
sutured higher within tiie chest. Dead space was thus obliterated, and the 
patient was left with a functioning diaphragm immediately beneath the upper 
lobe which was not overdistended. 


CASE REPORT 

"Following six attacks of pneumonitis over a period of one year, the patient, a house- 
wifo GS years of age, was hospitalized in a neighboring city with fever of 101* F. and a 
productive cough. She was treated with penicillin and streptomycin, but the fever persisted 
and roentgenograms showed a left pleural effusion and a shadow at the loft lateral border 
of the heart. This was originally interpreted to he an aneurysm of the descending aorta 
but finally was diagnosed as an atelectatic lower lobe. She was discharged to her home 
but continued to have fever which usually was not higher than 99.5° F- Also dullness to 
percussion, distant breath sounds, and rales persisted over the left lower chest. Postural 
drainage yielded a small amount of blood-streaked sputum, tip to this time the patient 
had lost approximately 20 pounds. 

Prom the Department of Surgery, The University of Missouri School of Medicine. 
Columbia. Mo. 

Received for publication June 6, 1966. 
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area was described as being light pink and visibly devoid of anthracotie pig¬ 
ment by each of the operating surgeons. However, microscopically, anthra- 
cotic pigment was occasionally demonstrated in these areas. The pulmonary 
tissue between and among the cystic areas showed evidence of fibrosis and in¬ 
flammatory reaction. The anomalous arteries which were stained for elastic 
tissue in all eases revealed that there was an abundance of elastic tissue, thus, 
these anomalous vessels are designated as pulmonary type arteries. Intimal 
sclerosis was noted in one of the anomalous vessels. 

The roentgenographic appearance of 5 of these 6 cases was almost identi¬ 
cal in location and size. Although this is not diagnostic tve feel that one’s 
index of suspicion should be high if an abnormality is encountered in this area. 
As was stated previously, the clinical picture may be one of repeated respira¬ 
tory infections or may be completely negative. Familiarity with this condi¬ 
tion has enabled the diagnosis to be made in 5 of our 6 reported cases. 
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Fie 4 

Figs 3 and 4 —Appearance of chest five weeks later with resorption of fluid and 
elevation of left leaf of the functioning diaphragm Space occupied by the eighth rib before 
operation is the level to which periphery of the diaphragm was transplanted 
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Fig 1 . 1. Roentgenogram of patient on admission "with atelectatic left lower lobe containing 

adenocarcinoma. 



Fig. 2.—Lateral view following lobectomy showing accumulation of fluid beneath upper lobe 
and air in stomach and colon beneath elevated diaphragm. 




AUTOTRANSPLANTATION OF SPLEEN INTO THORAX 

EmYAttu F. Skjxni r, 1). * ani> W t m AY. Iluivrr uj, AI B **> 

MEMPHIS, TCNN 

E XPERIMENTABTjY, it has been sIiomu th.it splenic tissue can he trans¬ 
planted to other paits of the body and that such tissue av ill eventually 
giow m si/c In the tiansplants, the icd pulp usually picdominatcs over the 
white pulp The following case icpoit is sufficiently unusual that we feel it 
is worthy of lepoitmg. It is also intcicsting th.it this tumor could not be 
dilfeientiated fiom a bionchogcnic caicinoma until the time of suigieal ex¬ 
tirpation 

CASK RFPORT 

Mr R If was a 29 year obi white man 

The patient slated that he had sustained a chest inyurv in 1945 (shrapnel wound) 
during World War II At that tune he hud had an cmcrgcncs operation and was informed 
that the spleen had been removed and a hole m the diaphragm had been stitched He 
thought there was also somo damage to the kidney. Since that time lie had had periodic 
checkup examinations with chest films made at six month intervals A film made carlv 
m 1955 at the Board of Health in his community was reported as showing a “spot” in 
the left upper lobe. The patient was a retail lumber dealer, self employed, working ten to 
twelve hours daily Ho had had chronic sinusitis up until a few years previously; other 
wise he considered himself essentially well. He did not smoke. 

Past History —The patient gave a history of having had pneumonia at the ago of 
three months uml a tonsillectomy in 1930. 

Physical examination was cssoutiallv normal except for the presence of a healed 
left thoracotomy scar. The blood pressure was 120/80 mm Hg, a complete blood count 
was normal with a normal blood sedimentation rate of 9 mm m the first hour. Numerous 
x rays were made of the chest and rib cage and yielded little further information except 
for the fact there was a spherical density, approximately 2 5 cm in diameter, bolow the 
fourth left nb m the posterior axillary line The outline of the mass was smooth and 
homogeneous We felt it was probably in the lung, but also might involve the nb. 

Previous x ray films made in 1951 were obtained and these revealed no large tumor 
on the left, but there was a very faint suggestion of a beginning mass in this same area 
over the left third rib, though not definite On reviewing the senes of films we came to 
the conclusion that tho lesion had been present for at least eight or nine months without 
much change in 1955 and \f it was present m 1951, it was certainly very small at that time 
Preoperative diagnoses included: (1) bronchogenic carcinoma, (2) hamartoma (?) 
traumatic arteriovenous aneurysm, and some of the granulomatous diseases Surgical re 
moval was recommended m view of the uncertainty of the diagnosis. 

Operation—On Oct. 25, 1955, a left exploratory thoracotomy was performed through x 
standard posterolateral approach and multiple tumors were seen on the parietal and v *- 
ceral pleura, the largest being over the third and fourth nb«, posfenorh. These t-W*** 
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Two months later, she was first referred to the University Hospital by Dr. J. E. Hill. 
On admission her blood pressure was 220/100 mm. Hg in the left arm and 218/98 mm. Hg 
m the right, the pulse was 78, respirations were 16 per minute, and the temperature was 
09.8 F. The patient was thin, appeared to be chronically ill, and coughed frequently. 
However, the cough was only moderately productive. The heart was found to be enlarged 
3 cm. beyond the midclavicular line; rhythm was regular, and apical systolic murmur of 
short duration was audible. Dullness at the left posterior and lateral base was found on 
percussion of the chest, and breath sounds were distant but only occasional rales were 
audible. A blood count showed 12 Gm. per cent hemoglobin and 11,500 white blood cells 
with 60 per cent polymorphonuclear leukocytes, 37 per cent lymphocytes, 1 per cent 
eosinophils, and 2 per cent basophils. A catheterized urine specimen was not abnormal, 
and an electrocardiogram showed normal sinus rhythm and no electrocardiographic evidence 
of cardiovascular disease. Sputum studies for neoplastic cells and pathogenic organisms 
were negative. Bronchoscopy revealed no intrinsic lesion, but thick mucoid secretions were 
found exuding from the left lower lobe, preventing adequate visualization. They were 
aspirated and the bronchoscope withdrawn. Following this, the patient was placed on 
postural drainage, and large amounts of sputum (up to 300 ml. per day) were expectorated. 
Although her febrile course improved, roentgenograms remained almost unchanged. A 
bronchogram showed failure of the segmental bronchi of the left lower lobe to fill, and 
operation was advised. 

At thoracotomy, the lower lobe was found to be completely atelectatic and filled with 
mucoid material, and a lower lobectomy was easily performed since it was believed that 
the patient had insufficient pulmonary reserve to withstand pneumonectomy. After the 
fifth interspace was closed, the eighth rib was removed through the same skin incision, the 
periphery of the diaphragm was detached from the thoracic wall, and this free margin of 
the diaphragm was transplanted upward to the level of the eighth rib. The wound was 
then closed, leaving a fenestrated, No. 18 catheter for closed drainage of the thoracic cavity. 
Recovery was uneventful. Sections of the excised mass showed mucoid material through¬ 
out, and the pulmonary tissue present was compressed and reddish-brown in color. Pro¬ 
liferating papillary masses of epithelial cells, some of which contained mucin, were 
identified in sections, and a diagnosis of adenocarcinoma was made. No metastases were 
found in the lymph nodes removed. Other than occasional twinges of pain in the scar, the 
patient has had no respiratory symptoms following operation. Both cough and sputum have 
disappeared, and no dyspnea or digestive symptoms have been experienced subsequently. 
Hypertension has persisted (220/104 mm. Hg), but the patient now requires no medication 
and has completely resumed her normal activities three months later. 

SUMMARY 

Transplantation of the diaphragm upward without disturbing the function 
of the phrenic nerve is useful in obliterating dead space and preserving function 
after pulmonary resection, particularly resection of inferior segments of the 
lung. A case in which this method was successfully used is reported. 

ADDENDUM 

When the patient returned for her regular follow-up visit the following month, a 
small mass was found in the left breast. This proved to be adenocarcinoma with extension 
to axillary nodes, and a left radical mastectomy was performed. Pronounced divergence 
in t-lie histologic appearance of neoplastic tissue from breast and lung favors the view 
that each represents a primary site but does not entirely exclude the possibility that the 
latter was metastatic from the former. Recovery was uneventful and without respiratory 
complications. Except for discomfort in the left upper quadrant of the abdomen with 
constipation, the patient has no complaints six months following the first operation. 
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luul fho general appearance of liver and were soft and smooth. The diagnosis of the 
pathologist at the operating room consultation was probable hemangio-ondothelioma but, 
in view' of the history of shrapnel wound, transplanted spleen was very possible; and 
paraffin sections would be required for definitive diagnosis. It was deemed advisable to 
excise the remaining lesions. The third and fourth ribs were removed on bloc together 
with the tumor attached to them, and the remaining four smaller tumors were removed 
b\ wedge excision of a portion of the lung and from the parietal pleura. Intercostal tube 
drainage was employed and the wound dosed in the usual manner. 

The patient’s postoperative convalescence was essential!} uneventful. 



Fig 3.—Chest film made Nov. 2, 1955, one week following surgery. This film shows 
a defect in the left chest wall where the third and fourth ribs have been removed together 
with the tumor. There Is some Irregular pleural reaction noted on the left side which later 
subsided on thoracic exercises 

Surgical Pathology —The specimen consisted of portions of two ribs, each of which 
measured approximately 14 cm. in length, together with intercostal muscle and attached 
fibrofatty tissue. The parietal pleura was present on the inner surface of this specimen. 
Attached to the parietal pleura at the center of the specimen was a tumor mass measuring 
approximately 3.5 by 2 by 1 cm. This tumor mass w’as covered by a smooth, gray, fibrous 
capsule and was ovoid in shape. On cut section, the fibrous capsule could be seen to pene¬ 
trate into the tumor mass in the form of delicate fibrous trabeculae. The bulk of the mass 
was made up of a soft, pulpy, red, fnablo tissue which scraped readily with a knife. Very 
tiny, white, pin-point areas were dispersed throughout this tissue. The lesion was densely 
adherent to the parietal pleura (Fig. 4). An additional poi tion of tissue consisted of an 
oblong-shaped fragment of lung measuring 2.5 by 1.5 by 1 cm. On one surface of this was 
a 9 mm. portion of encapsulated tissue identical in all respects to that just described. A 
third portion of tissue representing parietal pleura measured 1 by 0.8 by 0.3 cm. This 
third portion of tissue again had an encapsulated 5 mm. nodule similar to that described 
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above. A fourth and a fifth portion of tissue, representing visceral pleura, measured 1.5 by 
1 by 0,5 cm. These portions of tissue had attached encapsulated structures similar to that 
previously described, measuring C min. in diameter. 



Pig. 4.—This is the gross specimen of the two resected ribs with the adherent tumor. The 
tumor has been split exposing its soft pulpy center. 




Pigs. 5-7.—Microscopic views of this tumor. Description Is in the text. 


Histologic study: All five portion- of tissue showed an essentially similar picture 
except that the histologic details were best seen in the larger lesion attached to the ribs. 
These multiple lesions had well-defined connective tissue capsules. The connective tissue 
capsule in some areas was well vascularized and contained moderately large caliber arteries 
and veins. In the areas where the tumor carne into relationship with the lung, the tumor 
was separated but adherent to the adjacent lung by a rather narrow zone of dense fibrous 
tissue. The pulmonary tissue showed dilatation of the alveoli with minimal focal areas of 
approximation of the alveolar walls. Macrophages, containing hemosiderin pigment, were 
present within the alveoli. The connective tissue capsule extended into the tumor in the 
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SUMMARY 

All unusual insc is presented—llio patient had a sluapncl wound of the 
loft (host in 1945 at which time the spleen was mptuicd, the kidney damaged, 
and peifoiation of the diaphiagm ocelli red Apparently bits of the spleen 
wcio blown up into the chest The patient iccoieied from the onginal mjuiy 
aftei an emergence opeiation and splencctonn lie lnd no furthci tiouble, 
until films ucre m ide m 1955 that leiealcd a liiinoi m the left uppei chest 
(n all, six splenic implants were remoecd fiom the iisceial andpauetal pleuta 
and the lung tissue 'Uicioscopieally, the bits of tissue represented well do 
tilled splenie tissue Although the patient uas isy mptomatic, siugciy Mas 
iieommended as lminehogcnie cuicmoma could not be excluded fiom the dif 
ti lent nil diagnosis It is of interest that m tins c isc the led pulp of the auto 
tiansplanted splenic tissue predominated, sinnlai t that seen in expeinnental 
tiansplnnts of splenic tissm 
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form of connective tissue trabeculae. The vascular bed, likewise, continued into the 
tumor and collections of lymphocytes extended parallel to the vascular penetration. Ag¬ 
gregates of lymphocytes or lymphatic follicles were present which very much resembled 
the white pulp of the spleen. These nodules were made up of lymphocytes of various sizes 
supported by a delicate reticular framework (Pig. 5). Occasional follicles of this nature 
had lympliocytopoietic centers. These lymphatic follicles were relatively few in numbor 
as compared to the great majority of the tissue making up the bulk of the lesion which 
had the following appearance. There were multiple venous sinuses separated by cords of 
tissue. These venous sinuses were lined by rod-shaped cells arranged in a parallel manner 
in many areas while in other areas the lining cells were of a more compressed cuboidal 
appearance. These sinuses contained many erythrocytes, occasional macrophages, and 
occasional polymorphonuclear leukocytes. The sinuses were separated by cords of cells 
which ran in all directions. These cords of cells were made up of nongranular leukocytes, 
many lymphocytes, monocytes, and macrophages. The cords of cells were identical in ap¬ 
pearance to the splenic or Billroth cords of the spleen and the sinuses were identical to 
the venous sinuses of the spleen (Figs. 6 and 7). These constituent parts of the red pulp 
greatly predominated over the white pulp. 

DISCUSSION 

A survey of the literature reveals that cases of traumatic spread of splenic 
tissue to the peritoneum are quite rare. 

Von Stubenrauclr 4 ' 6 considered that these splenic implants should be called 
“splenoids”; he thought that splenic autotransplants tend to regress, with the 
passage of time. His assumption that the peritoneum can manufacture splenic 
tissue is poorly supported. 

Autoplastic transplantation of splenic tissue has been successful in the 
hands of many experimenters. 

Such scattering of splenic tissue over the peritoneum following trauma is 
likely due to the dispersal of blood and bits of splenic pulp. 

Jarcho and Anderson 1 add 2 new cases to the literature—both following 
trauma over the spleen. They summarize 12 other cases from the literature. 

Mylander and Turrunen 2 report 3 eases of hypertension of the portal vein 
which were treated by transposition of the spleen into the pleural cavity in 
the hope that resulting adhesions and anastomoses would provide additional 
venous drainage. All 3 patients were in such poor condition that extensive 
surgical measures seemed out of the question. The results after a one- to 
two-year follow-up period suggested further studies concerning this method 
are well worth while. 

We would be a little bit suspicious of this method in view of our one case 
of accidental transposition of the spleen into the thoracic cavity, as the spleen 
in our case continued to grow slowly over a period of many years. The dif¬ 
ference in the case would be, of course, that in their case the spleen was trans¬ 
planted without breaking its capsule, whereas in our case the spleen was blown 
into fragments and these segments were then distributed throughout the lung. 

Fifteen years ago, Dr. Charles Olim and Dr. Duane Carr had a somewhat 
similar case at the John Gaston Hospital in Memphis. The patient had a rup¬ 
tured spleen removed and several years later a rib tumor in this same area was 
excised and the rib itself contained splenic tissue growing within the marrow 
cavity. This patient also made an uneventful recovery. 
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elude not only candidates tor surgery but also inoperable or postoperative 
patients transferred from other hospitals for radiation and palliative care. 
Thus, both early and terminal cases were seen. 

The group being reported here is not a representative sample. In the first 
place, despite constant vigilance and effort, not all cases of lung cancer have 
boon seen. This is inevitable in a large hospital with the patients scattered 
through several wards. Second, after they have been seen many of them leave 
the hospital and drop out of contact. Some die at home, some move away, 
some are still alive. A great majority of them, of course, do return for 
follow-up care, but in not all of these patients who die in the hospital is au¬ 
topsy permitted. Thus, of more than 80 patients examined over the two-year 
period of the study, a total of 27, with complete autopsy, comprise the material 
for this analysis. A large proportion of these represent patients seen in the 
last three months of life. 

The question that is posed of the two screening methods here being tested 
is simply whether or not metastases are present in the brain. The question 
of localisation does not arise since these patients aie not usually considered 
candidates for craniotomy. For this simple question the closer the autopsy 
confirmation follows upon the screening tests the better. So the fact that the 
majority of this group were terminal cases is favorable for purposes of this 
analysis. 

The neurological examinations were performed by one individual (the 
writer) and the electroencephalograms were interpreted by him and also in¬ 
dependently by Dr. ICnox Finley, Neurology Consultant to the hospital. The 
electroencephalograms were all performed by the same technician on a Grass 8 
channel machine using bipolar technique with routine electrode placement over 
the frontal, central, occipital, and temporal areas. Both interpretations wore 
described separately and a definite statement made as to whether the record 
suggested lateralizcd or focal pathology. 
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These 27 cases may be divided into four categories: 

I. Both clinical and electroencephalogram examination negative. 

II. Both clinical and electroencephalogram examination positive. 

III. Clinical examination positive and electroencephalogram negative.*’ 

IV. Clinical examination negative and eL-L- ,diah, ol ■*' nositive ' 





DETECTION OF INTRACRANIAL METASTASIS IN LUNG CANCER: 
A COMPARATIVE STUDY OF THE NEUROLOGICAL EXAMINATION 
AND THE ELECTROENCEPHALOGRAM 

James K. Smith, M.D. 

Oakland, Calif. 

INTRODUCTION 

T HE high incidence o£ cerebral metastases in cases of bronchogenic car¬ 
cinoma has been amply documented although the reports of incidence 
vary somewhat. Thus, early writers such as Adler 1 and Simpson 2 reported the 
percentage of cerebral metastases to be 14 per cent and 13.6 per cent, re¬ 
spectively, while more recently King and Ford 3 reported an incidence of 27 
per cent and Halpert 4 gave a figure of 32.6 per cent, all studies being based 
on surveys of autopsy material. 

Although the incidence of cerebral metastasis during life, in a group of 
patients with lung cancer at an earlier stage of the disease, will be consider¬ 
ably lower than the incidence at autopsy, it is still of sufficient frequency to 
justify a careful search in the individual case. This may be of considerable 
importance in the preoperative evaluation of a candidate for surgical removal 
of a pulmonary neoplasm. 

In this hospital, the routine screening of such patients has included biopsy 
of prescalcne lymph nodes and a radiologic survey of the skeletal system. 
These precautions are based upon the knowledge that bronchogenic carcinoma 
metastasizes very frequently to these locations. Yet up to two years ago, 
neurological screening of these patients was elective. In most cases, a neu¬ 
rological clearance was requested if the patient’s physician felt suspicious 
but not otherwise. The method of screening also varied. Some physicians 
specifically requested a neurological consultation, others first asked for an 
electroencephalogram, being satisfied if this was negative. 

The assumption implicit in this second procedure seems clearly to be that 
the electroencephalogram in itself is an effective screening technique for the 
presence of intracranial lesions. It was in large part to test the validity of 
this assumption that the present plan of study was instituted. 

METHOD 

For the past two years, ward physicians throughout the hospital have 
been asked to refer all patients, with a diagnosis of lung tumor, for an electro¬ 
encephalogram and a neurological examination. A skull x-ray was already 
included as part of the routine skeletal survey. Lumbar puncture was not 
performed routinely but only to verify suspicions arrived at by the clinical 
methods. In order to have as large a group as possible, it was decided to in- 
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these had ccicbellar tumors In all of these cases, the localization was coi 
rectl> made on clinical examination (Cases l'j 1G, 18) One patient presented 
also with a ecrcbollni s\ndiomo climcalh but at autopsj did not ha\c meta¬ 
static deposits but inthct showed dogcnciatiw changes thioughout the cere 
bcllat cortex with falling out of Puikinic cells (Case 19) 

The fifth case, a light frontal lobe lesion was cnoneously localized to 
the ccicbcllinn on the basis of nemological findings (Case 17) 

CASr 15 The patient was a 50 a ear old white man who had had ft pnouinonectomj in 
October, 1^55, followed In xm\ therapv He was dt«rl urged a month after surgery cs 
sentialb n«v mptomntic and remained well until mid Tnnunry, 1950 when he de\ eloped 
severe headache, felt d»77\, and became unstcadv in g i t Neurological examination on 
Tim 3S f the dn\ after admission, showed hori7ont il nystagmus on looking to tho 

right, drifting of the outstretched left arm and slight t rminal tremor on loft finger to 
noso mnnmucr, and gross ataxia on placing left heel to Jit shin Ho was unwilling to 
walk for fear of falling The clinical impression rceor 1 was one of left cerebellar 
metastasis Tho electroencephalogram performed Tnn 2 4 19*36, contained a mixture of 

basic S to 10 per second nnd occasional low \oltagc 4 to < r second cycles without focal 
or luteralmng pattern It was interpreted as normal to rdcr line The patient died 
on 3* oli 0 1056 

At nutops\, there was a solitar\ 2 bv *1 cm tumor m in the left cerebellar benu 
sphere 

Cvse 10 This 32vcarold white man was admitted t tho Neurological Service on 
Oct 17, 10-55, because of severe pain radiating from tho bi 1 of the neck into the right 
side of tho head an 1 behind the right eye The pain had mincnccd about two months 
before his entry to the hospital and had becomo incapacitating in the previous ten days 
On examination the chief finding was the pronounced guarding of the neck muscles, with 
a slight tilting of the head (often an enrlv sign of cerebellar neoplasm) The spinal fluid, 
wlucli was clear, was obtnmcl under an initial pressure of 1^0 mm with a closing pres 
suro of 100 mm It contained 2 cells 70 mg per cent protein, 2+ Parnlv and tho gold curve 
was 22*14431000 ^1 nil films wore normal, and the clust film showcl a nodular mass in 

the right hilum, “suggesting neoplasm “ An eltctrocmephalograni made one week after 
entrv was entirclv normal The patient went downhill lespitc an attempt at palliation 
with x ray thernpv He dev elope 1 evidence of further neurological deterioration with 
confusion and bilateral pyramidal trnct involvement, and lied on Nov 22, 3955 

At autopsy ho had an epidermoid carcinoma in the right lung and multiple mot a 
static nodules in both cerebral hemispheres as well as a large tumor mass occupying most 
of the nght cerebellar hemisphere and two smaller ones in tho left eorcbellar hemisphere 
Care 17 Tins patient, a 03 year old whito man, was examined on Feb 7, 1956, -just 
three davs before Ins death He had been receiving x raj therapy for an moperablo car 
cinoma of tho right lung He had noted weakness of tho left foot about one week previ 
otisly He walked with steppage gait on the left and could not dorsiflex Ins left foot 
The left nnklo jerk was less active than the right nnd there was diminished sensitivitv to 
Pinprick over the dorsolateral aspect of the left foot and the lower lateral calf The knee 
jerks were equal The reflexes in the left upper cxtremitv were slightly brisker than those 
on the nght The remainder of the examination was normal except for a rapid honzontal 
nystagmus, more marked on right lateral gaze Tho clinical impression was of metastases 
to the lumbosacral roots and to the cerebellum The electroencephalogram was normal 
At autopsy, however, there was a solitarv 2 cm rounded metastatic nodule m the 
central white matter of the Tight frontal lobe just anterior to the lateral ventncle The 
spinal cord and cauda equina were not examined 

Case 18 The patient, a 56 year old white man, was nlmitted to the hospital on 
March 2, 1955, for investigation of a persistent cough of three months’ duration The 
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I. Cases in which both clinical examination and electroencephalogram were 
negative: There were 11 of these and the autopsy confirmed the ante-mortem 
impression in ten instances. The exception is summarized herewith. 

CASE 1. The patient was a 66-yeaT-old white man who was examined on Jan. 28, 
1955, having had a pneumonectomy for small-cell carcinoma of the right lung in March, 
1954. He appeared weak but had no complaints of neurological significance. He was 
mentally clear, walked with normal gait and showed no defects in coordination or strength 
of extremities. Cranial nerves were intact. The reflexes were equal. An occasional up¬ 
ward movement of the left great toe on the Chaddock maneuver was noted but plantar 
stimulation yielded a normal response. This single finding was not felt in itself of suf¬ 
ficient weight to make a diagnosis of metastasis. The electroencephalogram was normal. 
The patient was not seen again in neurological consultation but according to the progress 
notes of the ward physician it is clear that by the end of February he was becoming con¬ 
fused. He went home for a brief furlough in March and on returning to the hospital was 
lethargic and disoriented at intervals. He became stuporous terminally and died April 
IS, 1955, almost three months after the time of the neurological examination. At autopsy 
he had a large right temporal lobe tumor with fresh hemorrhage in its periphery. 

Comment: It seems fairly certain that this patient had either not yet de¬ 
veloped spread to the brain at the time of his neurological and electro¬ 
encephalogram examinations or else (as seems likely) the tumor was then too 
small to have produced significant dysfunction or electrical abnormality. 

II. Cases in which both clinical examination and electroencephalogram 
were positive: Of the 9 cases where both clinical examination and electro¬ 
encephalogram correctly identified the presence of intracranial metastasis, 
there was one false localization. 

Case 2. The patient, a 54-year-old white man, entered the hospital Sept. 18, 1954, 
for terminal care of a carcinoma of the right lung. He had had an exploratory thora¬ 
cotomy elsewhere three months earlier and an inoperable lesion was discovered. However, 
as early as three months before the thoracotomy, his wife reported that he had shown 
changes in his personal habits and she noted that he bumped into things occasionally as 
though he did not see them. When seen on September 27, two days before death, he was 
confused, disoriented, and yawned frequently. He could not cooperate well in the exam¬ 
ination and was unable to walk, having been confined to bed ever since his chest surgery. 
There was no choking of the discs, no field defect, and ocular movements were normal. 
There were no striking abnormalities in the reflexes, motor strength, or sensation. It was 
the clinical impression that he had frontal lobe metastases. The skull films showed ques¬ 
tionable erosion of the posterior clinoid process. The electroencephalogram showed bi¬ 
lateral frontal 4 to 6 per second waves of high amplitude, of greater prominence on the 
left. At autopsy he had a large tumor in the vermis of the cerebellum, extending into 
the vicinity of the dentate on each side. The brain was moderately swollen and there was 
some symmetrical ventricular enlargement, but no lesions were found in the cerebral 
hemispheres. 

Comment: Here the terminal occurrence of edema with its consequent 
effect on psychologic function dominated and obscured the original lesion in the 
cerebellum. The electroencephalogram also falsely localized this lesion. . The 
projection of delta waves into the frontal areas from posterior fossa lesions 
has been described by others. 7 ’ 8 

III. Cases in which the clinical examination was positive and the electro¬ 
encephalogram negative: There were 5 patients in this category. Three of 
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outpatient clinic throughout their postoperative course as long as they remain 
in easy traveling distance. 'While some may prefer to spend their terminal 
stages at the family home, this is probably less likely to be true for those who 
develop cerebral mctastascs, since they often become difficult to care for at 
home, lienee, a greater relative, proportion of this group return to the hospi¬ 
tal and the autopsy statistics arc correspondingly “loaded.” 

Of the G cases missed by the electroencephalogram, one was also missed 
on the neurological examination (Case 1) and, as has been pointed out, this is 
probably because the lesion was incipient when the patient was first seen. The 
other 5 were clear misses for the electroencephalogram, since the clinical 
opinion at the same time as the electroencephalogram correctly favored the 
presence of intracranial masses. Four of these were posterior fossa lesions. 
It has been stressed by various writers that this is a “blind spot” for the 
electroencephalogram. 

Smith and associates'’ reported a pattern, who h they felt was diagnostic 
of subtentorial tumor, consisting of delta waves cn. r the occipital leads. Oth¬ 
ers have not found this to be a consistent pattern. 

Rlicinbergcr and Davidoft,* after reviewing a gi up of subtentorial tumors 
in adults, concluded that, “There is no pattern oi distribution of electrical 
abnormality specifically indicative of posterior fossa disturbance.” 

Pupc and co-workers' pointed out that in the p’esence of posterior fossa 
tumors the electroencephalogram may point cither to the midline or to the 
cerebral hemispheres. 

Daly’ reported a large scries (06) of verified posterior fossa tumors stud¬ 
ied by electroencephalogram and came to the conclusion that there was no 
predictable correlation between the site of the clcctrocncephalographic ab¬ 
normality and the anatomic site of the lesion. They found, as had Cuneo and 
his co-workers, 0 that the most commonly obsen cd pattern was one of rhyth¬ 
mic bilaterally synchronous slow waves. Eighteen per cent of the cerebellar 
tumors in Daly’s series presented normal clectroencephalographic records. 

The sixth case with a “false negative” electroencephalogram (Case 17) 
was a deep anterior frontal lobe nodule and the normal electroencephalo¬ 
gram only three days before death should serve to emphasize again that there 
are other silent areas for this test besides the posterior fossa. In this case, 
there was no significant edema of the brain on the side of the tumor and this, 
plus its deep location, probably accounts for the normal electrical activity 
from the overlying frontal cortex. 

The embarrassing and familiar error of confusing tumor of the frontal 
lobe and the cerebellum was made twice on clinical grounds and in both pos¬ 
sible directions (Cases 7 and 17). The electroencephalogram compounded the 
error in the first of these. 

Finally, it may be of interest (though aside from the main purpose of the 
study) to point out that in the course of this screening, 4 patients were found 
to have evidence of brain metastases who would be otherwise considered op¬ 
erable for their lung tumor. The statistical significance of this figure (4 out 
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sputum was positive for tubercle bacilli but bronclioscopic examination revealed an ob¬ 
struction. Thoracotomy was performed, at which time an inoperable lung tumor on the 
right was discovered. The biopsy proved it to be adenocarcinoma. Neurological exam¬ 
ination on July 1, 1955, indicated a left cerebellar lesion manifested by nystagmus in left 
horizontal gaze and past-pointing with left finger-to-nose maneuver. Skull plates were 
negative. The electroencephalogram made on July 8, 1955, was normal. Spinal fluid ob¬ 
tained on July 5, 1955, was under noraial pressure and contained no cells, 72 mg. protein, 
1+ Pandy and gold curve of 1112210000. 

The electroencephalogram was repeated Sept. S, 1955, at which time a right temporo¬ 
parietal focus was present. The patient died Dec. 11, 1955, and the autopsy showed car¬ 
cinoma of the upper lobe of the right lung, a large necrotic semicystic metastasis occupy¬ 
ing about one half of the left cerebellar hemisphere and a 5 cm. lesion in the right parietal 
lobe. 

Case 19. This 61-year-old -white patient was admitted to the hospital Oct. 18, 1955, 
for investigation of cough, weakness, and weight loss of three months’ duration. On ad¬ 
mission, he had physical signs and x-ray evidence of a mass in the right upper lung. He 
walked with a wide base, showed nystagmus on horizontal gaze, more marked to the left 
than the right, and performed the heel-to-shin maneuver with marked ataxia. The electro¬ 
encephalogram was normal. Spinal fluid was under normal pressure and contained 3 
lymphocytes, protein of 30 mg. per cent, negative Kolmer, and colloidal gold curve 
0111100000. 

He deteriorated steadily' and died March 14, 1956. At autopsy, there was found an 
adenocarcinoma of the right lung. The brain was grossly' normal, but the cerebellum showed 
diffuse falling out of Purkinje cells, the remaining Purkinje cells showing chronic degen¬ 
erative changes. 

Comment: The cerebellar degeneration in this patient probably falls into 
the group of carcinomatous degenerations of the central and peripheral 
nervous system which has recently been described in the literature. 10 

IV. Cases in which the clinical examination ivas normal and the electro¬ 
encephalogram abnormal: There were 2 such cases. In both instances, the 
patients were terminal, cachectic, eating poorly, and requiring large doses of 
analgesic medication. The abnormality in the records was not sleep artefact 
but may have been attributable in part to metabolic and electrolyte disorders 
associated with the terminal phase of cancer. The records both showed bursts 
of diffuse 2 to 3 per second and some 5 to 7 per second sIoav waves and pre¬ 
sented sufficient asymmetry to suggest lateralization of pathology to the two in¬ 
dependent interpreters. The gross and histologic appearance of the brains was 
normal, however. In both these cases, the neurological opinion was that no 
metastatic brain lesions were present. 

C05IMENT 

Of the entire group of 27 autopsied cases, there were 15 with intracranial 
disease. Fourteen of these were detected by the neurological examination dur¬ 
ing life, while 9 of them had electroencephalographic abnormalities of focal 
type. It is apparent that the incidence of central nervous system metastases 
in this small group is preternaturally high—52 per cent in contrast to the 14 
to 32 per cent range cited above. 1 ' 4 The reason for this cannot be definitely 
stated, but some of the following factors may enter in. Hospitalization 3S 
readily available to veterans. These patients are followed closely in a surgical 
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of 27) should probably be discounted, since it has been pointed out that the 
entire group was more heavily represented by terminal than by early stages 
of the disease. But it is worth repeating that in those 4 there was no other 
evidence of metastasis and the lung tumor itself appeared operable so that 
the patient was considered in all other respects an entirely suitable candidate 
for surgery. In 3 of these the neurological symptoms were prominent and 
could scarcely have been overlooked by any physician taking a routine history. 
In one, however, no specific neurological complaints were offered and the di¬ 
agnosis was made upon the objective findings of the neurological examination 
supported by the electroencephalogram. 

CONCLUSIONS 

Tn a group of 27 cases of bronchogenic carcinoma studied during life both 
by clinical neurological examination and electroencephalogram, and with com¬ 
plete autopsy, brain involvement occurred in 15. The neurological examina¬ 
tion failed to predict involvement in only one of these eases, while the electro¬ 
encephalogram missed 6 (4 of them in the cerebellum). 

In 2 additional cases where the brain was uninvolved, the electroen¬ 
cephalogram suggested lateralized intracranial abnormality while the neu¬ 
rological examination was normal. 

In 4 of the patients who presented clinical evidence of brain involvement, 
this was the only apparent indication that the disease had spread beyond the 
lung. 

This study indicates the value of a careful neurological evaluation of 
prospective candidates for removal of a malignant lung tumor. It seems clear, 
moreover, that while the electroencephalogram is a useful aid in confirmation 
it should not be depended upon in itself as a screening technique. 
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CROSS SECTION 
THROUGH A 


SHORT AND ADULT ESOPHAGOSCOPE 


Fig. 1. Diagrammatic drawing of ribbon csophagoscopes. 

CONCLUSION 

A bi ief pi esentation of a new ribbon esophagoscope*' has been made. 

It has been found to be satisfactory for the purpose for which it was 
designed. 

Ceitain advantages inherent in such a scope have been pointed out, such 
as, ease and safety of insertion, no free wires to entangle operator or his aide, 
light trap, and diagonal instrumentation. 
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ANNUAL MEETING NOTES 


Tho Thirty seventh Annual Moot *hr of Tin Vmerican Association for Thoracic 
Surgery was hold in Chicago, Illinois on Mas 4, fi, an i 7, 1057 'there were 1,001 physicians 
who registered for the scientific sessions In additn u, there cure lb- wives present. 

As n mark of esteem and appreciation tor the <1 >t contact that has been maintained 
between The American Association for Thoracic ^i gory ami the Society of Thoracic 
Surgeons of Groat Britain and Ireland, the litter g nip profit ml a Presidential Radge 
and Chain ot Ollice In an appropriate ceremony, i Id immediate!' at the conclusion 
of the J lust nos** Session on Saturday, Mil} 4, 1057, Mi George \ Mason, Vue President 
of the Society of Thoracic Surgeons of Great Britain ml Ireland, pi evented this gift to 
our Association. Mr. *T Leigh Colli**, the Honorary Si.i tan, placed the ornament about 
tlio neck of Dr. Cuneron Haight, the President The oi er distinguished representntu < s 
wero Professor It S Pilcher, Mr Vernon 0. '1 hompson iml Mr Oswald S Tubbs 

At the conclusion of the Scientific Session on it>dny alt moon, May 7, the 
precedent was established wherein this Presidential 3 lge and ham al Office was 
\cstcd upon the incoming President by the retiring oftm of snnila rank. 

The problems presented by the rapid growth of t s A-«oeintioii were studied at 
great length l>\ an especially appointed committee ol w ch l)r. I dward M Kent was 
tho Chairman The proposals adMuiced in the report ot is committee were thoroughly 
discussed by the membership m Executive Session In v w of tin crucial character of 
any such decision this <ommittce was requested to pursu further its investigation and 
report the results of such deliberations nt a future date 

Tho following changes m membership status were v ted by tin Association during 
its annual Executive Session: 

Tho following Active members were elevated to Senna Status 


Robert G. Bloch 

Herbert \\ ills Mover 

Louts It Davidson 

Richmond L Moore 

Horn It Decker 

M. Daw son Ty son 

Louis r. Knocpp 

Joseph A Weinberg 

Leon ,T. Leahy 

following Associate members were elected to 

\t_tive membership’ 

Ralph D Alley 

Trod J. Jarvis 

Prank S. Ashburn 

James II. Johnston, Jr. 

Frank Bor tone 

John L ICeelcv 

Garrett M. Brownrigg 

James R Lauicy 

John S. Chambers, Jr. 

Sanford E Leeds 

John G. Chcsncy 

William P. Longmne, Jr 

George II. A. Clowes, Jr 

Waldo 0. Mills 

David A. Cooper 

Emmanuel M Papper 

Oscar Creech, Jr. 

Richard M Peters 

Albert C Daniels 

Beatty II. Ramsey' 

DeWitt C Daughtry 

Charles T. Read 

Norman C Delarue 

Irving A Sarot 

Emerson H Drake 

Joseph E. Strode 

r. Henry Ellis, Jr. 

William R Waddell 

William B. Ford 

James H. Walker 

Theodore It Hudson 

Watts R Webb 

Gerard A P. Hurley 

Julius L Wilson 

Elliott S. Hurwitt 

Thomas B Wiper 
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Murphy, James D-U.S. Veterans A dm. Hospital, Baltimore 18, McL 

Myers, J. Arthur -730 La Salle Bldg., Minneapolis, Minn. 

Neuiiof, Harold -Box 198, Huntington Road, Stratford, Conn. 

Nixon, Jaimes W-1121 Nix Professional Bldg., San Antonio, Texas 

O’Brien, Edward J-307 David Whitney Bldg., Detroit 26, Mich. 

Ornstein, George -965 Fifth Ave., New York, N. Y. 

Packard, Edward N-142 Park Ave., Saranac Lake, N. Y. 

Pickhardt, Otto C_66 East 79th St., New York, N. Y. 


Rienhoff, William F., Jr _1201 N. Calvert St., Baltimore, Md. 

Rigler, Leo G_University Hospitals, Minneapolis 14, Minn. 

Ross, Dudley E_St. Adolphe de Howard, P.Q., Canada 


Smith, David T. 


.Duke University, Durham, N. C. 


Tiiorburn, Grant _1602 West Genessee St., Flint, Mich. 

Tucker, Gabriel _250 South 19th St., Philadelphia, Pa. 

Tyson, M. Dawson _Hitchcock Clinic, Hanover, N. H. 

Van Allen, Chester M-State Hospital, Bikaner, Rajputana, India 

Wangensteen, Owen H-University Hospitals, Minneapolis, Minn. 

Weinberg, Joseph A_Veterans Adm. Hospital, Long Beach, Calif. 

Welles, Edward S_20 Church Street, Saranac Lake, N. Y. 


Members Deceased 

Cart. Eggers Evarts A. Graham Felix P. Miller Harlan F. Newton 

Wyman Whittemore 
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and evaluation of 100 consecutive 
cases, 330 
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Black, Harrison, Discussion of mitral insuf 
fieiencv, 117 
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mg cooling and Tew arming in hum m 
subjects undergoing total circulatoi v 
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Tlio following candidates were elected to Associate membership: 

Thomas G. BafTes, Chicago, El. 

James S. Battcrsby, Indianapolis, Jnd. 

Martin Bergmann, St. Louis, Mo. 

Philip E. Bern at/., Rochester, Minn. 

William G. Cahan, New York, N. Y. 

Richard G. Connar, Tampa, Flu. 

John P. Dammnnn, Charlottesville, Vu. 

Robert A. DeBord, Peoria, Ill. 

Josiuli Puller, Duluth, Minn. 

William W. L. Glenn, New Haven, Conn, 
Laurence K. Groves, Cleveland, Ohio 
Owen Gwathmey, Washington, D. C. 

Joseph M. Hanncr, San Diego, Calif. 

Edward .T. .Talmke, Jr., Washijigton, D. 0. 
Robert W. Jarnplis, Palo Alto, Calif. 

Robert .T. Jensik, Chicago, Ill. 

Prank R. Johnston, Winston-Salem, N. C. 
Robert P. McBurney, Memphis, Tenn. 

Peter V. Moulder, Chicago, Ill. 

Wilford B. Neptune, Boston, Mass. 

John S. Paul, Martinsburg, W. Va. 

John W. Polk, Springfield, Mo. 

Herbert T. Ransdcll, .Tr., Louisville, Ivy. 

David II. Watkins, Dcnvor, Colo. 
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man, Domm, and Rogers), 1 
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tonne and technical consider itions 
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topical anesthetic agents (Hughes 
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Edgcomb, Tohn H (with Kaiser, George C 
and Kiy, Terome Harold), Ventricu’ 
lar fibrillation, 537 

Fdwards, Jesse E (with Kirklin, John W 
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David E), Surgical correction of 
ventricular septal defect, anatomic 
and technical considerations, 45 
Eggers, Carl, In memonam, 423 
Fltctrieil pacemaker stimuli on human heart 
effects of external (Shafiroff and 
Linder), 544 

Emerson, Ernest B, Jr, Ribbon esopliatro 
scopes, 821 ° 

Esophagojcjunogastrostomy (A r > r 

and Gunning), 738 ’ 

Esophagoscope, nb> ^ 
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Blalock, Alfred, Discussion of surgery for 
ventricular septal defect, 59 

Bloomberg, Allan E. (with Gross, Harry, 
Rosenblatt, Morton, Kantrowitz, 
Adrian, Scliein, Clarence J., and 
Ferreira, Ruthven), Failure of car- 
dio-pericardiopexy to protect pigs 
against acute coronary occlusion, 679 

Blount, S. Gilbert, Jr. (with Blair, Emil, 
Austin, It. Reed, and Swan, Henry), 
Study of cardiovascular changes dur¬ 
ing cooling and rewarming in human 
subjects undergoing total circulatory 
occlusion, 707 

Boslier, Lewis H., Discussion of mitral in¬ 
sufficiency, 11S 

Bowers, Warner F. (with Hewlett, Thomas 
H., and Puglisi, Anthony J.), Bron- 
ehospa sm in bronchography, 609 

Bowes, Donald E. (with Kirklin, John W., 
and Swan, H. J. C.), Hemodynamic 
effects of large atrial septal defects, 
350 

Bronchi, effect of preoperative chemotherapy 
on incidence of tuberculous lesions 
in (Gordon), 399 

Bronchial arteries of dog, anatomy of (Not- 
kovich), 242 

asthma, intractable, lung denervation in 
the therapy of, 166 

epithelium, with special reference to car¬ 
cinoma of lung, histopathologic ob¬ 
servations on (Ryan, McDonald, and 
Clagett), 264 

Bronchogenic carcinoma, involvement of tho¬ 
racic wall in (Gronqvist, Clagett, 
and McDonald), 487 

Bronchography, bronchospastn in (Hewlett, 
Puglisi, and Bowers), 609 

Bronchopulmonary sequestration; clinical as¬ 
pects with report of six cases ' Pin- 
ney and Salyer'', 791 

Bronclioscopic table designed for office use 
(Mangiardi), 557 

Bronchospasm in bronchography (Hewlett, 
Puglisi, and Bowers), 609 

Bronchospirometric catheters, resistance to 
air flow in (Swenson and Birath), 
275 

Bronchus, lipoma of, report of case (Ochsner, 
LeJeune, and Ochsner), 371 
tracheal (Schaff and Baum), 282 

Brook, David L. (with Knight, James B., 
Jr., and Cooper, Philip), Use of 
“arterialized” venous blood for de¬ 
termination of changes in arterial O. 
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nia, 532 
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